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LifeMoves, an organization that provides interim housing and supportive services 
to families and individuals experiencing homelessness, recently purchased 0.35 
acres of land, located at 1759 Hester Avenue, San Jose, CA 95128. LifeMoves 
has challenged the design team to provide preliminary building layouts, a 
structural alternative analysis, construction management plans, and general civil 
plans for a multi-story, family-friendly, interim housing facility, which has been 
named Hester Gardens. The design team considered both steel, a traditional 
building material, and shipping containers, a sustainable alternative building 
material, for this project. Each alternative included a structural design and 
analysis, as well as a cost estimate and construction schedule. A conceptual plan, 
site and building layout, utility plan, necessary mock permits, and a recommended 
alternative plan was drawn for LifeMoves. The finished design documents, 
models, and printed plan drawings were turned over to LifeMoves.  
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Chapter 1: Introduction 
1.1 State of Homelessness  
Based on point-in-time (PIT) counts conducted by Continuum of Care (COCs) - a U.S. 
Department of Housing and Urban Development Program committed to ending homelessness in 
America, a total of 567,715 people experienced homelessness on a single night in 2019. Of that 
total, 35,028 of people experienced homelessness on a single night in the Bay Area. The Santa 
Clara County had the highest homelessness count in the Bay Area at 9,706 and ranks fourth 
nationally for largest chronically homeless population1. Among families and individuals, the top 
three causes of homelessness are (1) lack of affordable housing, (2) unemployment, and (3) 
poverty2. Additional significant causes include low wages, mental illness and the lack of needed 
services, substance abuse and the lack of needed services, and escaping domestic violence, 
particularly for women3.  
When solving the homeless issue, it is important to consider both immediate solutions, 
such as emergency shelters, transitional housing, drop-in centers, safe parking centers, and 
mobile shower, laundry, bathroom, food distribution, and career counseling, as well as long-term 
solutions such as permanent housing paired with supportive services, rapid re-housing, creating 
income opportunities and services, and prevention policies and practices. Based on the PIT 
counts mentioned above, it was estimated that homeless service providers, of both temporary and 
permanent housing, are prepared to house 70% of the homeless population4. This leaves 30% of 
the homeless population unsheltered on any given night.  
 
1.2 Client - LifeMoves  
LifeMoves’ “mission is to provide interim housing and supportive services for homeless 
families and individuals to rapidly return to stable housing and achieve long-term self-
sufficiency”5. Across their 23 shelters and services sites across Silicon Valley, LifeMoves is able 
to support 9,350 men, women, and children each year by providing a temporary place to call 
1 Continuum of Care. (2019). 2007 - 2019 PIT Counts by CoC. [Data file]. Retrieved from 
https://www.hudexchange.info/resource/3031/pit-and-hic-data-since-2007/ 
2 U.S. States Conference of Mayors, Hunger and Homelessness Survey: A STATUS ON HUNGER AND 
HOMELESS IN AMERICA’S CITIES – A 25-CITY SURVEY 2 (Dec. 2014), 
http://www.usmayors.org/pressreleases/uploads/2014/1211-report-hh.pdf 
3 See FN 2. 
4 See FN 1. 
5 LifeMoves: Breaking the Cycle of Homelessness. (n.d.). Retrieved December 5, 2019, from https://lifemoves.org/. 
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home, as well as “intensive, customized case management”6. They offer services such as 
educational programs, veteran services, LGBTQ+ programs, motel vouchers, healthcare to those 
living both inside and outside their facilities, and more. 
LifeMoves is seeking to redevelop one of their existing facilities into a new state-of-the-
art interim housing facility. Joanne Price, the Vice President of Real Estate & Operations and the 
main point of contact for LifeMoves, has challenged the design team to design a three to four 
story facility that is approximately 15,000 square feet. Similar to other LifeMoves housing 
facilities, the facility must include ample communal space for residents to socialize, office 
spaces for case managers and LifeMoves staff, and a kid’s playroom, study space, and outdoor 
play area, since the desired tenants will be families. The driving considerations of the facility’s 
design must include sustainability, cost, flexibility of space, and integrate into the surrounding 
neighborhood.   
 
1.3 Demonstrated Need for Project 
The “Housing First” approach towards ending homelessness strongly influences the 
mission of LifeMoves. “Housing First is a homeless assistance approach that prioritizes 
providing permanent housing to people experiencing homelessness, thus ending their 
homelessness and serving as a platform from which they can pursue personal goals and improve 
their quality of life”7. In contrast with a “treatment first” approach, where “people experiencing 
homelessness are placed in emergency services and must address certain personal issues...prior 
to being deemed ‘ready’ for housing,” the Housing First approach is based on the belief that 
“housing is not contingent upon readiness, or on ‘compliance’ (for instance, sobriety). Rather, it 
is a rights-based intervention rooted in the philosophy that all people deserve housing, and that 
adequate housing is a precondition for recovery”8. The five core principles of Housing First 
include9: 
1. Immediate Access to Permanent Housing with no Housing Readiness Requirements 
2. Consumer Choice and Self-Determination 
6 See FN 5. 
7 “Housing First.” National Alliance to End Homelessness, National Alliance to End Homelessness, 20 Apr. 2016, 
endhomelessness.org/resource/housing-first/. 
8 Stephen Gaetz, Fiona Scott & Tanya Gulliver (Eds.) (2013): Housing First in Canada: Supporting Communities to 
End Homelessness. Toronto: Canadian Homelessness Research Network Press. 
9 See FN 8. 
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3. Recovery Orientation 
4. Individualized and Client-Driven Support 
5. Social and Community Integration 
LifeMoves’ Hester Gardens encompasses all five of the “Housing First” core principles 
in their three integrated programs intended to achieve long term success: residential services, 
support services, and community outreach. Because LifeMoves does not have the financial 
ability to provide permanent housing for its clients, they are able to provide transitional housing 
for their clients. Ms. Price emphasized the importance of incorporating communal spaces for 
Hester Gardens’ tenants to socialize, as well as having plenty of private offices for case 
managers and service providers so that tenants could receive the help they need. She also stated 
that each tenant works with a team of housing specialists, employment specialists, and benefit 
specialists on-staff to create a plan that would ultimately lead to long-term self-sufficiency. A 
project like Hester Gardens is important to help provide housing for the large homeless 
population in Silicon Valley. 
 
1.4 General Site Details/Description 
The project site holds the APN: 274-16-0006 and is located at 1759 Hester Avenue in 
San Jose, California 95128. The site currently has three buildings, one of which is condemned, 
meaning habitable space is not efficiently utilized. The buildings are apartment-like complexes, 
totaling 12 units on the site. The lot is 0.35 acres and is zoned in a Multiple Residence District 
(RM) according to the City of San Jose’s Zoning Ordinance10. As seen in Figure 1, the lot backs 
up to Luther Burbank School and is neighbored by two-story apartment complexes each with 12-
15 units to the North and South. Across Hester Avenue there are single family homes and North, 




                                               
Hester Avenue runs into Lincoln High School. 
 
Figure 1: A conceptual plan showing the current google image of the site, the property boundary, 
and the proposed building footprint.  
 
1.5 Design Scope 
Planning and General Civil 
The scope for planning and general civil of the project included the design of the site and utilities 
according to LifeMoves’ needs, the San Jose Planning Department, Santa Clara County 
Guidelines, and the San Jose Fire Department. LifeMoves has been provided with a drawing set 
for Hester Gardens that includes: a site plan, conceptual plan, demolition plan, stormwater plan, 
fire department access plan, utility plan, and an alternative plan. 
 
Rough Architectural Design of Hester Gardens 
The team generated two rough building and bedroom layouts, inspired by LifeMoves’ other 
shelters and interim housing facilities. After running an alternative analysis between the two 
layouts, a third architectural layout that encompassed the best features of both original 
architectural layouts was created. The architectural layouts were reviewed by LifeMove. 
 
Structural Steel Design and Analysis 
The scope of work for structural steel design and analysis included designing the structure for 
both gravity and lateral loads. All beams handling gravity loads were designed using composite 
beams and steel columns. Using the results from the eTabs model for seismic loads and the 
 4 
modal analysis special concentric braced frames were designed accounting for the effects of both 
the gravity and lateral loads with seismic governing the lateral design. Lastly, two connections in 
the special concentric braced frame were designed connecting the brace to the column, and the 
brace to the beam at level 3. The concrete podium, typical gravity beam connections, and column 
base plates were not included in this design scope. 
 
Shipping Container Design and Analysis 
The design team also completed a shipping container structural design and analysis for Hester 
Gardens. This included determining gravity and lateral loads, completing a wind and seismic 
analysis of the entire structure, design of typical connection between containers and from the 
containers to the concrete, and design of reinforcements around the openings for doors, hallways, 
and windows. This excluded all of the structural work of the concrete foundation and below 
grade structures. Although spaces were provided in the design for mechanical, electrical, and 
plumbing (MEP) equipment, the actual design of the MEP systems was also out of scope.   
 
Construction Project Management 
The last step of the team’s project was to create a construction project management plan for both 
the structural steel building and the shipping container building. This includes a cost estimate 
and schedule for the structural components of the buildings, as well as an overall estimate and 
for the entire project. The construction project management plan also includes a site logistics 




Chapter 2: Analysis of Alternatives 
Two different alternative analyses were conducted - one for the preliminary building 
layout and one for the traditional and sustainable building material. This chapter contains a list 
of criteria each alternative was judged by, a description of each alternative, and an explanation 
for why the chosen alternative was the best solution.  
Prior to an alternative analysis being conducted, each criterion was given a weight, 
ranging from 0-2, reflecting the importance of each criterion to the project needs. Each 
alternative was evaluated using the aforementioned criteria by being given a point from 1-3. 
Each criteria, the criteria’s weight, each alternative, and each alternative's respective points 
earned will be explained below. A copy of the grading rubric established can be found in 
Appendix A.1. The client directed the design team to only consider the option of fully replacing 
the building since the existing structure has been deemed an inefficient use of space and 
resources for LifeMoves; therefore, neither of the alternative analyses included a “do nothing” 
alternative in the scoring of each option. 
 
2.1 Alternative Analysis #1: Preliminary Building Layout 
2.1.1 Criteria 
For the preliminary building layout alternative analysis, the criteria evaluated whether the 
design met the needs and desires of the client, while making sure requirements of the building 
code were met. By speaking with Ms. Price, walking through an existing LifeMoves temporary 
housing shelter, and reviewing several LifeMoves programming, services, building layout, and 
planning documents, nine criteria were established that determined which building layout 
alternative is best.  
 
Number of Bedrooms 
The first part of LifeMoves’ mission is to provide interim housing for homeless families 
and individuals; therefore, it is important that the design maximized the lot by providing the 
greatest number of rooms, while still taking into consideration comfort and communal spaces. 





The second part of LifeMoves’ mission is to provide supportive services for homeless 
families and individuals to rapidly return to stable housing and achieve long-term self-
sufficiency. Therefore, it is also important to consider spaces for LifeMoves employees, staff, 
and case managers to both operate the facility and to meet with tenants in private. For this 
purpose, the criteria was assigned a weight of one. 
 
Communal Spaces (includes Kitchen, Dining Room, Living Space, etc.) 
While visiting Villa, an existing LifeMoves housing facility, and reviewing 
programming/services documents provided by LifeMoves, it was apparent how important it is 
for individuals transitioning from homelessness to housing to feel comfortable within their 
community. The bedrooms’ main function is for tenants to sleep and keep their personal items 
safe. These bedrooms typically consist of a full/twin bunk bed, a dresser, and a wardrobe. 
Providing ample communal space for a kitchen, dining room, and living space will hopefully 
foster a sense of safety and community throughout the building. This was slightly more 
important than maximizing the amount of bedrooms and office space, so the criteria was 
assigned a weight of 1.25. 
 
Outdoor Spaces 
While visiting Villa, Ms. Price could not stress enough how important it is to have 
separate outdoor spaces for adults and children. The target audience of the building is families, 
so it is very important that the design has a relatively large outdoor play area for children. Ms. 
Price pointed out that many tenants do have smoking habits, so it is important that there are 
separate designated outdoor smoking areas, away from kid-friendly parts of the building. For this 
purpose, this criteria received a weight of 1.5.  
 
Dedicated Communal Space for Children (includes Play Space and Study Rooms) 
As described above, the building’s target audience is families, which is why providing 
communal space for children to both play and do homework was important. After touring Villa, 
it became apparent how important it is to provide tenants with spaces for resources such as 
computer rooms and dedicated study spaces, as these spaces promote achieving long-term self-
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sufficiency. For this purpose, the criteria received a weight of 1.5.  
 
Sight Lines into Neighboring Yards 
Per the San Jose Building Code, sight lines are to be 45° from the front setback. Based on 
research of interim housing facility projects, the biggest pushback against the project is public 
perception and acceptance. Many neighbors of proposed homeless shelters and interim housing 
facilities are concerned about their neighborhoods becoming hubs for the homeless population. 
In order to appease some of the public’s concerns, one way the proposed building can gain 
neighbors’ favor is by complying with 45° sightlines. For this reason, the criteria received a 
weight of two.  
 
Bathrooms  
Taking into consideration feasibility, user needs, and ADA compliance, it is important 
that single-occupant, gender neutral bathrooms, communal bathrooms, or a combination of both 
are incorporated into the structural design. Single occupant bathrooms would be extremely 
useful for families with small children, as well as would settle insecurities of people who 
struggle with gender identity. For these reasons, the criteria received a weight of 1.25. 
 
Parking Spaces 
Per the San Jose Building Code, Table 20-190,11 residential care and service facilities 
must provide one parking space per bed for the first six clients, one parking space for each 
additional four beds, and one parking space for each employee or staff member. Per a 
conversation with Ms. Price, each room should have an occupancy of two, which means the total 
parking needed to meet code resulted in about 29 parking spaces. Given that the lot is extremely 
narrow, it is difficult to comply with the code without underground and podium parking. 
Designing the parking garage was out of scope for this project; however, the design of the 
building had to keep in mind that the building will have podium and underground parking to 
comply with the code. For this reason, the criteria received a weight of 0.75.  
 
 
11 Dept. of City Planning. (2020). San Jose Municipal Code. San Jose, CA. 
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Hallway Width 
Per the San Jose Building Code,12 the minimum hallway width requirement is four feet. 
In order to maximize the building area while still taking into consideration ADA requirements 
and user comfort, the design team was willing to increase room depths at the cost of narrow 
hallways. For this reason, the criteria received a weight of 0.5.  
 
2.1.2 Alternative Descriptions 
To best meet the above criteria, three different preliminary building layout design 
alternatives were created. Alternative 1 meets site lines requirements and maximizes indoor and 
outdoor communal space. Alternative 2 maximizes office space, restrooms, and onsite parking. 
Finally, Alternative 3 is an optimized combination inspired by the first two alternatives. Each 
alternative’s description explains the score they received and why they received that score. A 
table comparing all three alternatives’ individual criteria and final scores is presented in Table 1, 
and AutoCAD sketches of each design can be found in Appendix A sections A.1, A.2, and A.3.  
 
Alternative 1 - Maximized Site-Lines and Indoor/Outdoor Communal Spaces 
The first building layout alternative strictly focuses on meeting all of the desires and 
needs expressed by the owner. As seen in Appendix A.2, the first floor of this building layout 
includes about 5,700 square feet of communal space and 17 ADA compliant bedrooms. The 
second floor consists of 30 bedroom units and the third floor consists of 25 bedroom units, 
resulting in a total bedroom count of 72. This alternative was ranked a three in both the criteria 
of number of bedrooms and communal space. Furthermore, this alternative includes 3,100 square 
feet of combined backyard and terrace outdoor spaces, including the possibility of adding a 
7,500 square feet green roof, allowing the team to rank the outdoor space criteria a three. This 
alternative included 2,139 square feet dedicated towards both a study room and playroom for 
children, giving this design a three for the dedicated communal space for children criteria. This 
design did not take into consideration parking requirements for the site and did not include very 
many office spaces for employees, resulting in a ranking of one in the criteria of parking spaces 
and office space. This alternative did take into consideration sight lines into neighboring yards, 
receiving a ranking of two, and hallway width, receiving a ranking of three. The bathrooms in 
12 See FN 11.  
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this alternative were modeled after those seen at Villa, with ADA compliance and family 
considerations discussed, resulting in a ranking of two. In the end, the design earned a total score 
of 25.5, as seen in Table 1.  
 
Alternative 2 - Maximized Office Space, Restrooms, and Parking Spaces 
The second building layout alternative focused more on comfort and accommodates 
parking, but did not take into account the sight lines into the single family residential homes 
across the street. Not taking into account sight lines was a flaw of this alternative, as the CBC13 
requires a 45 degree setback from the front of the building to the roof. Unlike Alternative 1, this 
alternative, shown in Appendix A.3, models the current building layout of Villa in the way that 
there are two hallways with bathrooms, storage closets, laundry rooms, and stairs/elevator shaft 
located between the two hallways. This alternative was designed with outdoor terrace spaces on 
the second and third floor, totaling about 1,108 square feet, as well as 1,254 square feet of 
backyard space, with no consideration for a green roof, a feature that Ms. Price had expressed 
interest in. This design provided 62 bedroom units and 1,990 square feet of dedicated communal 
space for children. As previously stated, this design introduced the idea of including a podium 
and one underground level of parking, totaling 40 parking spots. Additionally, this design is 
focused on future flexibility for the facility as all bathrooms are 100% capable of being 
converted to be ADA compliant and are all single-user bathrooms. In the end, this design earned 
a total score of 23.75, as seen in Table 1.  
 
Alternative 3 - Optimized Alternative 
This design was created after the alternative analysis was run, incorporating the best 
characteristics of both Alternative 1 and Alternative 2 into a single building layout. As seen in 
Appendix A.4, Alternative 3 has 54 bedrooms. This design exceeds Ms. Price’s expectations of 
30 units; however, there were fewer rooms than Alternatives 1 and 2. By decreasing the amount 
of bedrooms, the amount of communal space and children's communal space from Alternative 1 
was able to be maintained. This alternative was able to keep the same amount of office space 
from Alternative 2, while maintaining the same amount of backyard and outdoor terrace space 
from Alternative 1, and designs for the 45° sight line. It also incorporates the podium and one 
13 International Code Council. (2019). California Building Code Title 24, Part 2. 
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level of underground parking from Alternative 2, increasing the amount of parking needed 
according to code. In the long run, it will be a more efficient use of space to provide two single 
occupant bathrooms on each floor as well as a communal bathroom, where stalls could be 
merged in order to make them ADA compliant. As the demographics of the building’s 
population changes, the building would be able to adjust as well. While the design maximizes 
the amount of space needed for programming, services, bedrooms, bathrooms, offices, 
communal spaces, outdoor spaces, and parking, it limits the hallway width to four feet wide.  
 
Table 1: Scoring of each alternative based on criteria and weight, including unweighted and 
weighted scores. The green highlighted values denote the strengths of Alternatives 1 and 2. 
 Raw Score Weighted Score 
Criteria Weights ALT 1 ALT 2 
Optimized 
ALT ALT 1 ALT 2 
Optimized 
ALT 
Number of Rooms 1 3 2 2 3 2 2 
Office Space 1 1 3 3 1 3 3 
Communal Space 1.25 3 3 3 3.75 3.75 3.75 
Outdoor Spaces 1.5 3 2 3 4.5 3 4.5 
Dedicated Communal 
Space for Children 1.5 3 2 3 4.5 3 4.5 
Sight Lines into 
Neighboring Yards 2 2 1 3 4 2 6 
Bathrooms 1.25 2 3 3 2.5 3.75 3.75 
Parking Spaces 0.75 1 3 3 0.75 2.25 2.25 
Hallway Width 0.5 3 2 1 1.5 1 0.5 
    TOTALS 25.5 23.75 30.25 
 
2.1.3 Chosen Building Layout Alternative 
The objective of Alternative 3 was to take all of the best qualities from Alternative 1 and 
Alternative 2 and combine them into one single design. The resultant design prioritized the 
criteria of communal space, outdoor spaces, and dedicated communal space for children, which 
grants the highest ranking among all alternatives. Alternative 3 was able to maximize the amount 
of communal space at the cost of decreasing the amount of bedroom units and offices; however, 
it provided more bedroom units and office space than the client had asked for. For bathrooms, 
both single-occupant bathrooms and communal restrooms were integrated. As described above, 
single-occupancy bathrooms may be of great relief to individuals who struggle with defining 
their gender identity or for families with young children. Alternative 3 also took into 
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consideration sight lines into neighboring yards and maximized parking spots when Alternative 
1 and 2 did not. Fulfilling eight of the nine criteria outlined above came at the cost of minimizing 
hallway width to four feet. Since the width was still ADA compliant, this option was considered 
acceptable. 
 
2.2 Alternative Analysis #2: Building Material 
2.2.1 Criteria 
The second alternative analysis analyzed both conventional building materials and 
alternative sustainable building materials. It was initially determined that a conventional building 
material was going to be compared to shipping containers; however, the client had suggested 
considering Cross Laminated Timber, another sustainable alternative building material. The 
following ten criteria take into account the amount of knowledge required to obtain an effective 
design using the material, cost, sustainability, constructability, and accommodation.  
 
Knowledge Acquisition Required   
This criterion focuses on the amount of previous knowledge - from class, work, or 
independent research - about the building material, its physical properties and material behavior, 
structural capabilities, etc. Due to the inexperience of the structural design team, it was expected 
that they would reference notes, read specifications, and other supplemental literature to 
complete their designs, which will ultimately comply with the ASCE Code of Ethics. With this 
in mind, this criteria was assigned a weight of 1.75. Without knowledge of how to design using a 
certain building material, completing a full design would be extremely difficult.  
 
Material Sustainability/Minimization of Environmental Impact   
This criterion focuses on how much recycled content can be expected for the material to 
contain. This relates to sustainability and LEED requirements in how certain materials must 
contain a minimum recycled content. Based on prior experience with traditional building 
materials and considering that the shipping containers used on the project would be repurposed, 
a ranking was assigned to each alternative. For timber options, a newly milled board is not 
considered recyclable even though it has captured carbon and can be considered a renewable 




The cost of raw material along with the associated labor cost for fabrication/erection was 
very important for the client. As part of keeping costs down, prefabrication was considered since 
it typically yields a better product and increases productivity due to the numerous benefits of 
conducting work in a controlled shop. Labor is typically one of the largest expenses on a 
construction project, so minimizing the number of man hours needed in building and erecting the 
primary structural system will help the client to save valuable money for her organization. This 
was the most important factor for this analysis so it received a weight of two. 
 
Material Availability  
In order to build any structure, there needs to be material available. Due to the project 
being smaller and on a tighter budget than some higher profile construction projects in the Bay 
Area, sourcing of local materials will help the project be more sustainable and reduce the overall 
project costs. The design team was aware that having materials and people adequately skilled to 
work with the materials is really important, but this criterion was given a weight of 1.5 in order 
to not double count any cost or sustainability influences addressed in other criteria.  
 
Spatial Flexibility  
As noted in the Architecture analysis, with time, the needs of the organization and each 
facility can and will change. To minimize the impact that the structural design has on any future 
renovations needed to accommodate the changing needs of the organization, this criterion 
received a weight of 1.25. While spatial flexibility is important, it is not as significant as the 
previously mentioned criteria.  
 
Information Availability  
Designing without the proper understanding and knowledge of structural calculations can 
result in a future disaster; therefore, it is important to have access to educational resources that 
thoroughly explain the design process using certain materials. For this criterion, access to 
educational resources was taken into consideration. The ranking of this criterion included taking 
into account information that is already available and information that needs to be uncovered. 
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The weight of this criterion is 1.25 because finding references is a time commitment that could 
be spent learning or improving the designs. 
 
Knowledgeable Industry Connections/Advisors  
While it is important to have functional knowledge within the design team, it is also 
important to have resources within the university and professionals field that can answer 
questions or give feedback. Direct advisors already have knowledge of traditional materials; 
therefore, having industry professionals for the other two materials was crucial. These 
professionals had expressed interest in helping the design team but it was uncertain how much of 
their time and insights they would be able to provide. Given the similarity of each material’s 
score for this criterion and the availability of industry contacts, a weight of one was given to this 
criterion. 
 
Susceptibility to Failure due to Fire  
With this being a higher density housing facility, the structure had to be able to resist fire 
in order to provide the occupants more time to escape in the event of an emergency. Materials 
that are not naturally fire resistant can have coatings or wall assemblies constructed that help to 
temporarily block the fire, but this increases the cost of the building and creates more hazards 
throughout the duration of construction. Given this consideration, this criterion was given a 
weight of one as it should be considered, but all the materials being considered have been 
utilized in similar structures around the country making them relatively safe. 
 
Construction Time for Structural Components  
For the erection of the primary structural system, the longer it takes to assemble on site, 
the more time that the owner will need to pay for the overhead costs of the general contractor 
and for crane time. By using prefabricated timber walls as a baseline for comparison, prior 
knowledge of other structural systems were used to estimate how long on-site erection would 
take in comparison. Due to the potential for error in the estimation of erection times, a weight of 




Labor and Equipment Required  
For some materials, more highly skilled laborers, such as carpenters or welders, are 
required to erect the structure. For the sake of this category, a general laborer was considered 
low skilled labor. The more highly skilled labor that is required typically has additional 
equipment needs on site and can be more challenging to obtain for a smaller project. 
Additionally, higher skilled laborers complete work that carries more risk/importance for the 
project. This criterion was given a weight of one, as the underlying themes of cost and risk 
mitigation had already had their effects magnified in other categories. 
 
2.2.2 Alternative Descriptions 
To best meet the above criteria, five different materials were considered for the primary 
structural system. These materials included: steel, stick timber, concrete, cross laminated timber 
(CLT), and shipping containers. Of these options steel, stick timber, and concrete are considered 
to be the common materials, and CLT and shipping containers are the more innovative materials. 
Each alternative’s description explains what the alternative scored on each criterion and why the 
alternative earned the score. A table comparing all three alternatives’ individual criteria and final 
scores is presented in Tables 2 and 3, and the scorecard rubric can be found in Appendix A.1. 
 
Alternative 1 - Traditional Steel  
The design team had previous knowledge of steel from courses such as Structural Steel 
Design and planned to develop this knowledge in a future course of Structural Steel Design II. 
Since there will always be more research to do, either the American Institute of Steel 
Construction Manual (AISCM)14, Dr. T, or Professor Abbot can be consulted for additional 
input. For environmental impact, steel can be fabricated in the Bay Area, but occasionally it does 
come from other parts of California or the U.S. It can be assumed that the steel will be fabricated 
in California, but it cannot be guaranteed that it will come from the Bay Area. Steel also comes 
to the site cut to length and with connection modifications made, but welding and bolting 
members together onsite requires more talented labor and increases the amount of crane time 
needed compared to prefabricated timber that has lower demands for crane time and highly 
skilled labor. Overall construction time for steel is expected to be similar to prefabricated timber. 
14 American Institute of Steel Construction. (2017). Steel construction manual(15th ed.). Chicago, IL. 
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As a material, steel is able to span long distances without additional support(s) but requires 
structural columns and lateral resisting members that cannot be moved easily if the floor plan 
needs to be reconfigured post installation. For this project, the plan was to use interior columns, 
reducing future spatial flexibility. When looking at susceptibility to failure due to fire, steel does 
not burn, but does lose strength and gains ductility under sustained heat. 
 
Alternative 2 - Prefabricated Timber 
For prefabricated timber, the design team had no prior experience and would have 
needed to spend substantial amounts of time acquiring knowledge. For environmental impact, 
timber is not grown and harvested in the Bay Area, and most lumber is shipped from out of state 
which increases carbon emissions. With timber construction, more interior walls are typically 
load bearing, which reduces the flexibility of the space in future renovations, as a large amount 
of the structure would need to be modified to accommodate moving load bearing walls. When 
supplemental design information is needed, access to publications and design guides from the 
American Wood Council can be purchased or Dr. T can be referenced, as she is experienced in 
timber design. When looking at susceptibility to failure due to fire, timber burns easily like 
matchsticks unless other fire retarding materials are applied to increase the low run time which is 
not ideal for a higher density structure. Due to carpenters needing to be onsite to erect the walls 
using a crane, there would be a need for middle of the road skilled labor on the site instead of 
just general laborers. The erection speed of timber was used as the baseline for the scoring 
rubric, as it is a relatively quick material to build within residential applications. 
 
Alternative 3 - Cast In Place Concrete  
For cast in place concrete, the design team completed the undergraduate concrete course, 
and team member Jeffrey completed the graduate level concrete design course. To supplement 
knowledge the team had already, a copy of the ACI 31815 was available to reference along with 
Professor Abbot who teaches both concrete design courses that Santa Clara University offers. 
For environmental impact, concrete often is not a regional material, as cement comes from China 
or other places in the U.S. and the gravel/sand needed in the mix comes from mines outside the 
15 American Concrete Institute. (2008). Building code requirements for structural concrete (Aci 318M-08) and 
commentary (Aci 318R-08). Farmington Hills, MI. 
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Bay Area, or even from out of state and is shipped in by rail. Following construction, the 
concrete columns and beams would be very permanent and difficult to relocate in the future, but 
there is a minimal number of interior columns and shear walls required allowing concrete to fall 
in the middle of the rubric for spatial flexibility. In the event of a fire, concrete does not burn, 
but it does lose some strength under high heat. Additionally, it is well known that concrete 
construction is a slow process that requires formwork and rebar cages to be assembled on site. 
The concrete also requires time to cure for a few days to meet the specified strength before work 
on the next step can commence, slowing down the overall construction speed. While the 
majority of the labor needed for concrete would be general laborers, carpenters and finishers are 
also required. Due to high demand in the area, finishers are harder to find, resulting in the labor 
score being decreased. 
 
Alternative 4 - Cross-Laminated Timber  
Since the design team had little knowledge of Cross Laminated Timber (CLT), 
substantial amounts of time would have needed to be spent acquiring knowledge. Additionally, 
trees typically cannot be recycled into CLT and must be cut down and milled to then be 
combined with adhesives to produce larger members. Cost wise, CLT utilizes simple bolted 
connections that are precision milled off-site, leaving assembly of the members for on-site work 
similar to steel erection. Unfortunately, this material is not easily available, as the manufacturers 
are located primarily in Washington, Oregon, and Canada. Due to needing to import this material 
into the Bay Area, and the limited number of manufacturers, it could be challenging to procure 
in a timely manner. In contrast, it did receive a three for its spatial flexibility, as the material can 
support long spans with minimal supplemental columns as compared to stick framing or 
shipping containers. This allows for the structure to be easily modified in the future to meet 
changing needs of the organization. As mentioned previously, the material is a newer 
technology, so there is some but not as much code, engineering guidance, or design 
recommendations as compared to steel or prefabricated timber. While the design team did have 
access to industry professionals continuing to innovate with CLT from Hacker Architecture, the 
lack of supplemental information lowered the score for both information availability and 
knowledgeable industry connections/advisors. Susceptibility to failure due to fire was rated 
highly, because large timber elements are naturally fire resistant and develop a char coating that 
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preserves the strength of members allowing the occupants sufficient time to evacuate. 
Considering construction criteria, CLT has a quick construction time, as it can be prefabricated 
in advance and needs no welding to connect its members. Finally, the labor and equipment 
needed would have been more specialized because most laborers are not familiar with the 
material and special, heavy equipment is needed to deliver and install the CLT on-site.  
 
 Alternative 5 - Shipping Containers  
Since the design team had no experience designing with shipping containers and Santa 
Clara University (SCU) does not offer a course in this subject, the knowledge acquisition 
required was given the lowest possible score. In contrast, the material is 100% 
recycled/repurposed making it very environmentally friendly. Based on the average cost of used 
shipping containers, they are more expensive but due to their modular nature are readily able to 
be modified off-site. Given this erection has low labor demands, as adjacent containers will need 
to be connected together resulting in cost being fairly average. Shipping containers are also 
widely available due to the close proximity of the Bay Area and its shipping industry, so it 
should be easy to procure. When considering the spatial flexibility of shipping containers, it is 
low because shipping containers are very difficult to modify or customize beyond their initial 
rectangular shape sold only in a small variety of sizes. Despite its lack of spatial flexibility, there 
are numerous online resources, architects, and existing projects that can be used to learn from. 
Because thin steel will stop the spread of physical flames from one room to another for a short 
while, but eventually lose its strength from excessive heat, shipping containers fall in the middle 
when considering susceptibility to failure due to fire. Considering the construction criteria of the 
project, shipping containers are modular and can be significantly prefabricated off site. This 
makes onsite erection much faster and easier than traditional construction. Finally, shipping 
containers will need many welders, delivery trucks, and at least one crane to effectively bring the 







Table 2: Unweighted scores for each of the structural material alternatives. 
 Raw Score 
Criteria 













Required 2 1 3 1 1 
Minimization of 
Environmental Impact - 
Material 2 1 1 1 3 
Cost 2 3 1 3 2 
Material Availability 2 1 2 1 3 
Spatial Flexibility 3 2 2 3 1 
Information Availability 3 3 3 2 2 
Knowledgeable Industry 
Connections/Advisors 3 3 3 2 2 
Susceptibility to Failure Due 
to Fire 2 1 2 3 2 
Construction Time for 
Structural Components 2 2 1 3 3 
Labor/Equipment Required 2 2 2 1 1 



























Table 3: The weights, weighted scores, and total score for each building material alternative. The 
highest two scores highlighted in light green. 
  Weighted Score 
Criteria Weights 














Required 1.75 3.5 1.75 5.25 1.75 1.75 
Minimization of 
Environmental Impact - 
Material 1.5 3 1.5 1.5 1.5 4.5 
Cost 2 4 6 2 6 4 
Material Availability 1.5 3 1.5 3 1.5 4.5 
Spatial Flexibility 1.25 3.75 2.5 2.5 3.75 1.25 
Information Availability 1.25 3.75 3.75 3.75 2.5 2.5 
Knowledgeable Industry 
Connections/Advisors 1 3 3 3 2 2 
Susceptibility to failure 
due to fire 1 2 1 2 3 2 
Construction Time for 
Structural Components 1 2 2 1 3 3 
Labor/Equipment 
Required 1 2 2 2 1 1 
TOTALS  30 25 26 26 26.5 
 
2.2.3 Chosen Building Material Alternative 
Following the scoring of each of the five materials, the two with the highest scores were 
steel and shipping containers with scores of 30 and 26.5 respectively. As a conventional building 
material, steel is readily available, can contain recycled materials, is quick to erect, and the 
design team is competent in designing with the material. For shipping containers, the plan would 
be to repurpose existing containers locally making it a sustainable option. Additionally, each 
container can be modified off-site and quickly erected, which makes up for the knowledge the 
design team had not obtained yet for shipping container construction. Additionally, Dr. Said 
provided the team with an extensive collection of articles on designing with shipping containers. 
 
2.3 How Solution Best Meets Project Needs 
Providing interim housing is one of many ways the project can help combat the problem 
of chronic homelessness in the Bay Area. The client, LifeMoves, challenged the design team’s 
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skills as civil engineering students to provide a design that will allow their company to provide 
the greatest good for the greatest number of people. This project works to hold the needs of 
LifeMoves’ clients paramount while maintaining constraints set by Ms. Price. This being said, 
the structural alternative analysis, construction management plan, and general civil plans propose 
a multi-story temporary housing facility that focuses on sustainability and two structural designs.  
At the end of this alternative analysis for Hester Gardens, it was concluded that the 
optimized building layout using steel and shipping containers was the top design alternative. The 
optimized building layout, Alternative 3, was the best option considering the criteria of: number 
of bedrooms, office space, communal spaces, outdoor spaces, child spaces, sight lines into 
neighboring yards, bathrooms, parking spaces, and hallway width. These criteria serve to 
provide a sense of security and community for the clients of LifeMoves. Steel and shipping 
containers were the best building material options based on the criteria of: knowledge acquisition 
required, minimization of environmental impact and cost, material availability, spatial flexibility, 
information availability, knowledgeable industry connections/advisors, susceptibility to failure 
due to fire, construction time for structural components, and labor/equipment required. These 
criteria ensure that the project meets civil engineering codes, city standards, and Ms. Price’s 
constraints. After the design, proposal, and scoring of each building layout and building material 
alternatives, the design team is confident that the design incorporated all of the aspirations that 
LifeMoves has as an organization.
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Chapter 3: Design Criteria and Standards 
3.1 Governing Codes and Regulations 
This project utilized many governing codes, regulations, and best practices. All scopes of 
this project used the 2019 California Building Code (CBC)16 as the governing code. The general 
civil scope referenced the Santa Clara Valley Urban Runoff Pollution Prevention Program’s 
(SCVURPPP) C.3 Handbook17 under the California Regional Water Quality Control Board, San 
Francisco Bay Region Municipal Regional Stormwater National Pollutant Discharge Elimination 
System NPDES Permit18for designing stormwater measures. The 2016 Fire Code19 was used for 
designing fire variance measures and the San Jose Municipal Code20 was used for planning. 
For the structural steel scope of the project, ASCE 7-1621 was used for determining loads 
on the structure. All gravity member design was conducted in accordance with the provisions of 
AISC 36022, and AISCM23. These same references were used in addition to AISC 34124 for the 
design of special concentric braced frames and connections. For composite beam design ACI 
31825 was also referenced to take into account the compressive strength of the concrete. 
Since shipping containers are not found in the 2016 California Building Code16 or ASCE 
7-1621, the governing codes and regulations used for the shipping container structures are 
established by the International Code Council (ICC), International Organization of 
Standardization (ISO), and the International Convention for Safe Containers (CSC). ISO Code 
668:201326 establishes the dimensional requirements and tolerances for the construction of 
16 See FN 13. 
17  State Water Resources Control Board: NPDES Permit Program: Santa Clara Valley Urban Runoff Prevention 
Program. (2016). C.3 Stormwater Handbook. Retrieved from 
https://www.sccgov.org/sites/cwp/Documents/SCVURPPP_C.3_Technical_Guidance_Handbook_2016_Chapters.p
df 
18 State Water Resources Control Board. (2015). NPDES Permit Program. Retrieved from 
https://www.waterboards.ca.gov/sanfranciscobay/water_issues/programs/stormwater/Municipal/R2-2015-0049.pdf 
19California Code of Regulations. (2016). 2016 California Fire Code. California Building Standards Commision. 
Retrieved from https://www.citymb.info/Home/ShowDocument?id=28089 
20 See FN 10. 
21 American Society of Civil Engineers. (2017). Minimum design loads and associated criteria for buildings and 
other structures: Asce/Sei 7-16. Reston, VA. 
22 American Institute of Steel Construction. (2017). Steel construction manual(15th ed.). Chicago, IL. 
23 American Institute of Steel Construction. (2016). Specification for structural steel buildings. Chicago, IL. 
24 American Institute of Steel Construction. (2016). Seismic provisions for structural steel buildings. Chicago, IL. 
25 See FN. 15 
26 International Organization of Standardization. (2013). Series 1 Freight Containers – Classifications, Dimensions, 
and Ratings (ISO 668:2013). Retrieved from https://www.iso.org/standard/76912.html 
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containers. ISO Code 830:199927 establishes the vocabulary used to describe all the different 
shipping container components. ISO Code 1161:201628 establishes the specifications for the 
corner fittings, which is how ISO containers are connected and stacked. ISO Code 1496-1:200329 
establishes the static and dynamic testing that ensures the structural integrity of a shipping 
container, such as shear capacity for both transverse and longitudinal walls, stacking limits, and 
loading limits. ISO Code 6346:199530 establishes how shipping containers are to be identified 
with the relevant coding, identification and markings. The criteria established by the CSC31 and 
in ICC Evaluation Service’s AC 46232 outline all the necessary criteria shipping containers must 
meet in order to be repurposed as a building material. Lastly, ICC G5-2019, Guideline for the 
Safe Use of ISO Intermodal Shipping Containers Repurposed as Buildings and Building 
Components33, was used to indicate structural design assumptions such as an R-value, or seismic 
response modification factor, for shipping containers.  
 
3.2 System or Process Performance Requirements 
3.2.1 Structural Design Requirements 
In coordination with the Architectural plans and the 2019 California Building Code 
(CBC)34 these design parameters were established. The Deflection limits in this structure are as 
follows per CBC 2019 Table 1604.334 as seen below as Table 4. 
 
 
27 International Organization of Standardization. (1999). Freight Container – Vocabulary  
 (ISO 830:1999). Retrieved from https://www.iso.org/obp/ui/#iso:std:iso:830:ed-2:v1:en 
28 International Organization of Standardization. (2016). Series 1 freight containers – Corner fittings – Specification  
 (ISO 1161:2016). Retrieved from https://www.iso.org/standard/65553.html 
29 International Organization of Standardization. (2003). Series 1 Freight Containers – Specification and Testing – 
Part 1: General Cargo Containers for General Purposes (ISO 1496-1:2003). Retrieved from 
https://www.iso.org/standard/59672.html 
30 International Organization of Standardization. (1995). Freight Containers – Coding, Identification and Marking 
(ISO 6346:1995). Retrieved from https://www.iso.org/standard/20453.html 
31 CSC – THE CONTAINER SAFETY CONVENTION. (n.d.). Retrieved May 20, 2020, from https://www.bic-
code.org/csc-the-container-safety-convention/ 
32 International Code Council Evaluation Service. (2019). AC462 - Structural Building Materials from Shipping 
Containers. Falls Church, Va. :International Code Council. 
33 ICC G5-2019: Guideline for the Safe USE of ISO Intermodal Shipping Containers Repurposed as Buildings and 
Building Components. (2019). International Code Council. Country Club Hills, IL.International Code Council.  
34 See FN. 13 
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Table 4: Deflection Limits. 
Construction L or Lr S or W  D + L 
Roof members:e    
Supporting plaster or stucco ceiling L/360 L/360 L/240 
Supporting non-plaster ceiling L/240 L/240 L/180 
Not supporting ceiling L/180 L/180 L/120 
Floor members L/360 — L/240 
Exterior walls:    
With plaster or stucco finishes — L/360 — 
With other brittle finishes — L/240 — 
With flexible finishes — L/120 — 
Interior partitions:b    
With plaster or stucco finishes L/360 — — 
With other brittle finishes L/240 — — 
With flexible finishes L/120 — — 
 
Between floors there is a maximum depth of 24 inches for steel beams. With this building 
being a steel frame over a concrete podium the construction type is Type II and the risk category 
is II as well. Over the parking area the level 2 slab requires a four hour fire rating while all other 
floor slabs require only a one hour fire rating. The occupancy of this structure is R-2 and the 
structure is classified as a low rise building. The design of foundations was not included in the 
design scope, but the soil is classified as type D per the USGS35 soil survey for use in 
determining seismic loads. 
 
3.2.2 Shipping Container Stacking 
Based on the ICC G5-2019, it is known that a maximum of nine shipping containers can 
be safely stacked on top of one another. When considering the best practices of other shipping 
container projects across the nation, the engineers limited this project’s design to a maximum of 





35 USGS. (2019). Santa Clara, California Soil Survey. Retrieved from 
https://www.nrcs.usda.gov/wps/portal/nrcs/surveylist/soils/survey/state/?stateId=CA 
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3.2.3 Planning and General Civil Design 
In coordination of San Jose City’s Land Use Zoning Map36 and the San Jose Municipal 
Code37, the following residential regulations for Hester Gardens were determined: 
Zoning37 
● Multiple Residence District (R-M) 
Table 20-60: Residential Zoning Districts Development Standards37 
● Minimum lot area 
  6,000 square feet 
● Minimum setbacks 
 Front: 10 feet 
 Side: 5 feet 
 Rear: 25 feet 
● Minimum driveway length from lot line 
  0 feet 
● Maximum Height 
 45 feet 
Table 20-190: Parking Spaces Required by Land Use37 
● Parking requirement adds 0.25 spaces per bedroom 
● Bicycle requirement adds 0.25 spaces per bedroom 
● One parking stall per first six beds. Add one stall for up to four above the first six and add 
an additional four plus one shall per each employee 
● One bike stall per 10 full time employees 
Table 20-220: Design Requirements - Off-Street Vehicle Parking Spaces37 
● 9 feet by 18 feet spaces 
● 26 foot two way street 
● 20 foot one-way drive aisle 
Section 20-90-130: Driveways37 
● Drive aisle for ingress and egress must be 10 feet wide 
 
In coordination with The California Regional Water Quality Control Board, San 
Francisco Bay Region Municipal Regional Stormwater National Pollutant Discharge Elimination 
System NPDES Permit,38 the following regulations were used in design:  
● Flood Zone D 
● Guadalupe watershed 
36 City of San Jose. (2020). Land Use Zoning, ArcGIS. City of San Jose, California. 
https://www.arcgis.com/apps/webappviewer/index.html?id=6f379e130e9a43ab9dee28806ed2c885&extent=-
13574341.156%2C4480904.8205%2C-13559818.1207%2C4490039.0454%2C102100 
37 See FN 10. 
38 See FN 17. 
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● Not qualified as a special project 
● 0.35 acre site did not need coverage under the State Construction General Permit 
● Site Design, Source Control, and Treatment System requirements applied to the entire 
site with 66% replacement of impervious areas in this redeveloped project. 
● Project replaced did not replace one or more acres of impervious area and was exempt 
from hydromodification management. 
● Project was not located in a green “Subwatersheds less than 65% Impervious” area and is 
exempt from hydromodification management. 
 
In coordination with the 2016 Fire Code39 and National Fire Protection Association 
Code,40 the following regulations were used in design:  
● Automatic sprinkler system throughout with 0.15 to 0.20 gallons per minute per 1,500 
square feet of building area. 
● Public fire hydrant a maximum of 40 feet front of the lot. 
● Public fire hydrant fire flow of 1,500 square feet per building area. 
● 450 feet access road limit for a building with a sprinkler system. 
● Two routes required for fire  to access buildings that are greater than two stories or 30 
feet in height. 
 
3.3 Key values and assumptions used in design calculation 
For this project, the design team was responsible for designing both the architecture of 
the structure and the structural system in both structural steel on top of a concrete podium and 
shipping containers on top of a concrete podium. Following the completion of the architectural 
alternative analysis, the design team proceeded with designing each structural system. In the 
design of the structural systems, a major assumption, which was eventually confirmed by 
LifeMoves, made by the design team was the loads on the structure due to finished materials. 
The weights of finish materials were estimated based on values in CBC 2019 and specific 
finishes selected by the design team to aid in the estimation of loads based on the neighboring 
structures and other facilities operated by LifeMoves. The design of the stairs, elevator, 
foundation, parking garage, concrete podium, roof drainage, as well as all Mechanical, Electrical, 




39 See FN 13. 
40 National Fire Protection Association. (2016). Design Approaches. Retrieved from https://www.nfpa.org/codes-
and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=13 
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3.3.1 Structural Steel 
A key design criteria of the team’s client and the future end user of the structure was cost 
and efficient use of space. To take these factors into account, the team designed the structural 
steel portion of the structure utilizing a minimum number of different structural sections and 
tried to keep member lengths consistent to allow for efficient and cost effective manufacturing 
and design of the steel frame. To account for the functionality of the space when designing the 
structure, a three-dimensional architectural model was created to allow both the design team and 
client to walk through the structure on a computer. With this model the team was able to adjust 
wall locations to determine what the maximum width the braced frames could take up in the 
walls. In some cases, a heavier section was selected to reduce the square footage lost from a 
room and to maintain adequate ADA clearances from the furniture LifeMoves plans on putting in 
each room. 
 
3.3.2 Shipping Containers 
Shipping containers are a new building material and have not been adopted into the 
International Building Code, so several assumptions needed to be made. All of the following 
design assumptions have been discussed with Precision Structural Engineers, a structural 
engineering consulting firm leading the industry in commercial, residential, and industrial 
shipping container structures based out of Oregon. 
 
3.3.2.1 ISO Shipping Container Anatomy  
Before understanding how loads travel through a shipping container, one must understand 
the anatomy of an ISO shipping container. Figure 2 shows all of the components of an ISO 
shipping container.  
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Figure 2: ISO Shipping Container Anatomy. 
 
The most important features of a shipping container include: 
 
Roof, Side Wall, and End Wall Panels 
Per ISO 830, the roof, side, and end wall panels are all made up of Corten steel 
corrugated sheet panels41. Corten steel “(sometimes known as weathered steel) is a group of steel 
alloys,” specifically nickel, copper, and chromium, that is advantageous for “ its superior 
resistance to corrosion,” durability, strength, toughness, and low maintenance 42,43. The roof, side 
wall and end wall panels are all welded to the top and bottoms rails and corner posts. 
 
Top and Bottom Rails and Corner Posts 
The top and bottom rails, as well as the corner posts of a shipping container essentially 






41 See FN 27. 
42 What is Corten Steel? (n.d.). Retrieved May 19, 2020, from https://www.corten.com/what-is-corten-steel.html 
43 Corten Steel. (n.d.). Retrieved May 19, 2020, from https://www.mtladv.com/materials/corten-steel/ 
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Floor and Cross Members 
“The floor of the shipping/cargo container is 28 mm thick with 19 ply treated [marine 
 thick I beams attached to the bottom side rails44. 
 
Doors 
ISO shipping containers have twin Corten steel doors that open 180°.  The 20 foot High-
Cube shipping containers have twin Corten steel doors at one end of the container; while 40 foot 
and 45 foot shipping containers have twin Corten steel doors at both ends of the container.  
 
Corner Fittings 
Corner fittings are located on the eight corners of the shipping container. They are 
internationally standardized and provide a means of handling, stacking, connecting and securing 
containers. Per ISO 1161:2016, corner fittings are designed for a yield strength of 40 ksi and 
tensile strength of 70 ksi. Table 5 outlines the design loading criteria for an ISO corner fitting. 
 
Table 5: Design Loads for ISO Corner and Intermediate Fittings per ISO 1161:2016. 
Fitting Type Design Load (kips) 
Stacking  
Top Corner Fitting 212 
Top Intermediate Fitting (45’) 95.0 
Bottom Corner Fitting 270 
Bottom Intermediate Fitting (45’) 126.0 
Lifting 
Top Corner or Intermediate Fitting 44.0 
Bottom Corner or Intermediate Fitting 88.0 
Longitudinal Restraint 
Bottom Corner or Intermediate Fittings 67.0 
Vertical Restraint 
Top Corner or Intermediate Fittings 56.0 
 
 
44 How Strong Are Shipping Containers? (2018, December 18). Retrieved May 19, 2020, from 
https://www.structure1.com/projects/shipping-container-homes/strength/ 
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CSC Plate  
The International Convention of Safe Containers (CSC), “a convention for container 
safety...adopted at a conference jointly convened by the United Nations and the International 
Maritime Organization” in 1972, requires every shipping container must have a valid safety 
approval plate, or CSC plate45. The CSC plate is typically found on the left front door of a 
shipping container. Details regarding the inspection process and information on the CSC plate 
will be discussed in Chapter 5.6. A photo of a CSC placard can be seen in Figure 3. 
 
Figure 3: International Convention for Safe Containers Placard. 
 
3.3.2.2 Shipping Containers Structural Integrity 
“Due to benefits such as environmental friendliness, availability, strength, and speed of 
construction, [shipping] containers are now regularly being repurposed”46 as a sustainable 
building material. By using shipping containers as a building material, the shipping containers 
are given a second useful life cycle; however before reusing them, it is important that each 
shipping container is inspected per the guaranteed ISO, CSC, and ICC standards stated in Section 
3.2 of this report. When deciding whether or not to use a container for a building, it is imperative 
that the shipping container, at a minimum, has a CSC Safety Approval Placard, as it ensures that 
45 See FN 31. 
46 See FN 32. 
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the shipping container complies with the standards outlined in ISO 668, ISO 1496-1, and ISO 
6346. 
Once it is confirmed that the shipping container has a CSC Safety Approval Placard, it is 
important to conduct a visual evaluation of the container. One of the main qualifications that 
should be checked is dents or distortions to the container’s frame - the most important structural 
component of the shipping container. It is crucial that the container is orthogonal. If the container 
is noticeably slanted, one could run into issues with not only stacking containers on top of it, but 
also the structural integrity of the container decreases. One significant indication if the container 
is square is by checking how easy it is to open, close, and lock the doors in place. Furthermore, it 
is critical that the undercarriage of the container - the steel beams that support the container - is 
intact with no dents or distortions, as it could change the entire structural profile of the container, 
resulting in a significant change of load paths and load distributions. Lastly, it is important to 
check for dents in the roof of the containers, as dents could create areas of potential water 
pooling47. 
 
3.3.2.3 Shipping Container Load Paths 
It was assumed the load path for a singular container begins when gravity loads are 
collected by the ceiling and floor of the container. The load is transferred to the side rails of the 
container, where it then travels down to the corner posts. From the corner posts, the load travels 
down the posts into the bottom corner fittings of the container, where it is transferred either to 
the top corner fittings of the container below or into the foundation. Figure 4 illustrates this 
transfer of load. 




                                               
 
Figure 4: Assumed Gravity Loads Paths for Single Shipping Container. 
 
As seen in Figure 5, loads are transferred from container to container through the corners. 
The load path specifically starts with load from the top container’s bottom corner fittings 
transferring load to the top corner fittings of the bottom container. The load travels down the 
corner posts into the bottom corner fittings of the bottom container. The load then transfers to 
another shipping container below directly into the foundation.  
 
Figure 5: Assumed Gravity Loads Paths for Stacked Shipping Containers. 
 
In shipping containers, the corrugated sheet metal side panels act as shear walls. For 
shear load paths, as seen in Figure 6, lateral load is transferred into the container from the corner 
 32 
fittings on one side of the container. Next, the corrugated sheet metal side panels resists the load 
and transfers it to the other corner fittings of the container. From there, the load is either 
transferred laterally into the next container, or the load is transferred into a gravity load into the 
container below. 
 
Figure 6: Assumed Shear Loads Paths for Shipping Containers. 
 
3.3.2.3 Assumed Shipping Container Loads 
The dead loads of the containers were found by dividing tare weight by their respective 
exterior surface area. This will be further explained in Chapter 6. Live loads were calculated 
using the interior dimensions of the container, and all loads, aside from any roof live loads, were 
applied only to the bottom corners of the containers. Rain loads were not considered in this 
design because drainage design is out of the scope of work. The engineers recommend the 
architect to design a primary and secondary drain system that can handle a 1.0/hr/100 year event.  
 
3.3.3 Planning and General Civil 
In the process of designing the site plan the following assumptions were made: 
● Assume 10 full time employees (parking and bicycle stall requirements) 
● Assume approval of easement for fire access road 
 
In the process of designing the demolition plan and stormwater measures of the site the 
following assumptions were made: 
● Existing trees are not heritage trees 
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● City approval of flow through planters through the curb 
● No traffic striping  
● No drainage permit was needed since the proposed project reduced 4,740 square feet of 
impervious surface, totaling 9,210 square feet of impervious surface on the entire site.  
● Trash and recycling enclosed in the building interior 
 
In the process of designing a domestic water line tie-in from the public water the 
following assumptions were made for pumps and interior fixtures of the proposed development: 
● 40 feet estimated length of pipe from the water meter to the building 
● Four gallons per minute pump to boost pressure 
● 25 gallons per minute max service for landscape irrigation service 
 Sprinklers on a timer 
● Fixture quantities  
 12 toilet - flush-valve type 
 12 urinal 
 10 shower only 
 8 clothes washer 
 16 bathroom sink 
 4 kitchen sink 
 2 dishwasher 
 2 hose bib 
 2 drinking fountain 
 
In the process of designing a fire water line tie-in from the public water provider the 
following assumptions were made: 
● Two standpipes at 250 gallons per minute 
● Fire sprinklers at 24 gallons per minute 
 
 In the process of designing the sanitary sewer tie-in from the public utility provider, San 
Jose Public Works, the following assumptions were made: 
● On-site wastewater treatment system is not required since the sewer system is within 300 
feet of the property line 
● Flow rates: 
 Residential = 130 gallon per day per unit 
 Office = 0.18 gallons per day per square feet
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Chapter 4: Planning and General Civil Design Approach 
4.1 Planning 
The client, LifeMoves, explained that they wanted to design their new development to 
foster an urban village strategy as a part of San Jose’s Envision 2040 plan.48 It is important to 
note that the 2040 General Plan has zoned Hester Gardens in a Residential Neighborhood (RN) 
district. This land use does not condone a mixed-use or interim development. LifeMoves 
mentioned the possibility of changing the zoning to mixed-use commercial and requested that the 
design team continue as if this was approved.  
As mentioned in Section 3.1.3, the City of San Jose’s Zoning Ordinance49 requires 
minimum setbacks for the building layout. As can be seen in Figure 7, the building has a setback 
of six feet from the neighboring lots to the North and South, 20 feet from the public right of way, 
and 45 feet from the back of the property line. With reference to San Jose Fire Department’s 
Emergency Escape and Rescue Opening Access50 a six feet side setback allowed for fire ladder 
pads to extend to the building’s third floor windows. The 20 feet front setback was an average of 
the frontages of the existing complexes on the left side of Hester Avenue, chosen so that the 
proposed building would best integrate into the surrounding neighborhood. A full sized civil 
drawing set can be found in Appendix C.1. 
48 City of San Jose. Envision San Jose 2040 General Plan. (2020). Retrieved from 
https://www.sanjoseca.gov/home/showdocument?id=22359 
49 See FN 10. 
50 San Jose Fire Department: Office of the Fire Marshal (2017). Emergency Escape and Rescue Opening Access. 
Retrieved from https://www.sanjoseca.gov/Home/ShowDocument?id=9261 
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Figure 7: Site and building layout of the proposed project. 
 
4.2 Demolition and Stormwater Measures 
The demolition plan in Figure 8 indicated that the three existing buildings as well as the 
drive aisle would be demolished, totaling more than 10,000 square feet of impervious area being 
replaced. The pre-project existing impervious area totaled 13,950 square feet, which was reduced 
to 9,210 square feet. The complete area data can be found in the Stormwater Evaluation Form in 
Appendix C.2. With 66% of impervious area replaced, the design team was required to comply 
with California’s Regional Water Quality Control Board guidelines. In an attempt to reduce 
stormwater pollutants and impervious surfaces, the design team planned stormwater treatment 
and design measures at the recommendation of NPDES Provision C.3.51  
51 See FN 11. 
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Figure 8: Demolition plan indicating drive aisle, buildings, and landscaping to be demolished.  
 
Provision C.3 calls for three design measures: site design, source control, and treatment. 
There were many site design measures that were considered when referencing the C.3 
Handbook. Rainwater harvesting systems like rain barrels could have been used to collect the 
rooftop runoff and repurpose for outdoor irrigation and indoor non-potable use, however they 
required a backflow system. A green roof was considered, but it ultimately would have been a 
challenge due to increase in load demand and expenses. Pervious paving proved to be the best 
option for this site because of the great area of walkway and driveway. This site design measure 
complimented the attempt to reduce impervious areas of the development. The breakdown of 
area coverage can be seen in Figure 9. 
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Figure 9: A stormwater plan showing the area coverages and their respective area in square feet. 
 
The second design measure required by Provision C.3 was source control. Source control 
was easily met with a combination of maximizing grass coverage, completely enclosing the trash 
and recycling operations to the interior of the building, the application of an interior parking 
structure, and water efficient irrigation systems.  
The biggest challenge with the Hester Garden’s site and stormwater treatment was the 
lack of a direct public stormwater tie-in from Hester Avenue. Without a stormwater line, 
drainage applications like bioretention landscaping and tree well filters were not possible. The 
addition of a storm drain from W. San Carlos Street through Hester Avenue was considered but 
ruled out due to expense concerns. Flow-through planters were chosen as the treatment for the 
site and were designed using a combination flow/volume design basis hydraulic sizing criteria. 
The flow-through planters were designed to have a depth of ponding of 9.8 inches. This 
calculation can be referenced in Appendix C.3. Section A-A was used for the flow-through 
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planter design shown in Figure 10 from the C.3 Handbook.52 This section shows the infiltration 
leading into an underdrain system, which in this case leads to the curb.  
 
Figure 10: Cross section A-A of flow-through planter, shows cross section of underdrain. 
 
It is important to note that if the City does not approve of curb flow for the flow-through 
planters, then the project will need to construct a stormwater line up Hester Avenue. There is a 
possibility that the City will make an exception for this treatment measure since the development 
provides affordable housing, which aligns with their urban village strategy.  
A Stormwater Evaluation Form required by the City planning division was filled out and 
can be referenced in Appendix C.2. The Stormwater Evaluation Form proves the project's 
exemption from hydromodification management requirements and indicates the Provision C.3 
measures that will be applied to the project.  
 
4.3 Water and Sanitary Sewer 
According to the San Jose Water Company, the current capacity of the building water tie-
in is 1 ½ inches. To ensure that the new development would not exceed this capacity, a Water 
Service Questionnaire was submitted to the City water company and can be found in Appendix 
52 See FN 11. 
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C.4. The assumptions for this questionnaire were based off of the planned occupancy of the 
building and stated in Section 3.3.3. After review by the public utility provider, the new 
development proved that existing 1 ½ inch capacity was sufficient for the demand of all 
irrigation and domestic water services.   
There became a capacity issue when the domestic line had to provide for the demand of 
fire requirements. According to CBC 201953 the development was required to have an automatic 
sprinkler system. With the reference of the National Fire Protection Association Code 1354 
(NFPA 13), the sprinkler system was designed using the densities in Table 6 with a pressure of 
20 pounds per square inch. Two standpipes at each stairwell were also required in order to 
provide variances with the dimensions of the lot. The City of San Jose’s Municipal Code55 states 
that the maximum distance from the frontage of the lot to a fire hydrant is 40 feet. This being 
said, a new fire hydrant was proposed with a separate connection to the water main. With 
reference to The City of San Jose’s Fire Flow and Hydrant Policy56 the public hydrant for a Type 
II building of 12,701-17,000 square feet was designed to ordinary hazards with 1,500 gallons per 
minute. Table 6 shows the flow calculations for the demand of the required fire variances. The 
total demand of the private fire water tie-in to Hester Gardens was 503 gallons per minute, which 
yielded a two inch pipe from the water main. The public fire hydrant had a total demand of 1,500 
gallons per minute, which yielded an eight inch pipe from the water main.  The proposed 










53 See FN 13. 
54 National Fire Protection Association. (2016). Design Approaches. Retrieved from https://www.nfpa.org/codes-
and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=13 
55 See FN 10. 
56 San Jose Fire Department. (2017). San Jose Fire Flow and Hydrant Policy. Retrieved from 
https://www.sanjoseca.gov/Home/ShowDocument?id=9271. 
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Table 6: Water tie-in flow demand for fire. 
Fire Water Tie-In  (Private) 
Fixture  Flow (GPM) Area (SF) 
Total Demand 
(GPM) 
Standpipe #1  250 -- 250 
Standpipe #2  250 -- 250 
Sprinkler System     
 Gnd LVL 0.20 GPM/1500 SF 9220 1.230 
 LVL 1 0.15 GPM/1500 SF 8470 0.850 
 LVL 2 0.15 GPM/1500 SF 7676 0.770 
 503 
Fire Water Tie-In (Public) 







Figure 11: An exhibit of the water and sanitary sewer tie-ins to Hester Gardens. 
 
A preliminary study was done on the increase in flow demand of the sanitary sewer main 
down Hester Avenue. Cumulative flow downstream from the proposed project was calculated 
and can be referenced in Table 7. A residential flow for the building was assumed to be 130 
gallons per day per unit and an office flow of 0.18 gallons per day per square foot. The increase 
in density on Hester Avenue added 0.0300 million gallons per day, which is 27% of the total 
demand on the sewer main. The sanitary sewer line capacity was verified by the public utility 
provider, San Jose Public Works. They confirmed that demand of the development would be 
easily provided for with the existing six inch capacity. The engineers at Public Works, however, 






Table 7: The total sanitary sewer flow demand downstream of Hester Avenue to Dana Avenue 
and a separate total sanitary sewer flow impact of the proposed Hester Gardens development. 
Hester Avenue Sewage Flow 
Residential Development 
Conceptual Product Type # Units 
Flow Rate 
(GPD/Unit) 




Single Family (10-14 DU/AC) (E) 25 240 6,000 0.0300 
Multi-Family (12-22 DU/AC) (E) 84 130 10,900 0.0400 
Multi-Family (24-30 DU/AC) (P) 54 130 7,020 0.0300 
Subtotal 163  23,900 0.1000 
 
Office Development 










Office Space (E) 11,600 0.18 2,090 0.0100 
Office Space (P) 824 0.18 148 0.0000 
Subtotal 11,600  2,240 0.0100 
 
Totals 26,100 0.1100 
 
 
Hester Gardens Sewage Flow 
Conceptual Product Type 
# 
Units/SF Flow Rate 




Multi-Family (24-30 DU/AC) (P) 54 130 7,020 0.0300 
Office Space (P) 824 0.18 148 0.0000 
     
Totals 7,170 0.0300 
 
4.4 Fire Variance Measures 
Since the property had such unique dimensions, the design team was required to provide 
fire variance measures. As recommended by the San Jose Fire Department, the sprinkler system, 
standpipes, and public hydrant were designed to meet higher demands by increasing the hazard 
from light to ordinary. With the proposed sprinkler system, the NFPA and San Jose Fire 
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Department allowed for the increase in length of an access road from 150 to 450 feet. A 220 foot 
long and 20 foot wide emergency access road was proposed on the adjacent drive aisle, pending 
an emergency access easement arrangement with the neighbor. NFPA also requires two routes 
for the fire department to access buildings that are greater than two stories or 30 feet in height. 
Primary access to the lot will be provided through the front drive aisle as well as through a gate 
along the emergency access road from the North parcel drive aisle. The fire department access 
routes and hydrant locations can be seen in Figure 12.  
 
 





Chapter 5: Structural Steel Design Approach 
5.1 Summarized Structural Steel Design Approach 
For structural steel, the gravity design involved establishing consistently spaced grid lines 
that lie along walls to prevent structural elements from intersecting rooms. Using this grid 
system the locations of beams and columns were determined such that none fell within a room, 
and a continuous load path could be provided into the foundation. The 2019 CBC57 was used to 
determine the expected live loads for each use of the structure, and load maps were developed 
for these areas. ASCE 7-16 Table C3.158 was used to determine the expected dead loads applied 
to the floor in each room. Using these loads, composite steel beams, steel columns, and 
connections were sized.  
 
5.2 Load Determination 
The dead loads throughout the structure were determined using values from ASCE 7-16 
Table C3.157. Due to exact finishes not being selected yet for this structure, the design team 
confirmed with LifeMoves that the finishes shown in Table 8 would be similar to what the 
organization would install. With the total dead load varying by five pounds per square foot (psf) 
between the occupied side and unoccupied side, it was assumed the occupied dead roof load of 
20 psf governed once small air conditioning units were added to the unoccupied side, with each 
unit serving about four rooms. For interior dead loads, the total was 20 psf. The self-weight of 










57 International Code Council. (2019). California Building Code Title 24, Part 2. 
58 American Society of Civil Engineers. (2017). Minimum design loads and associated criteria for buildings and 
other structures: Asce/Sei 7-16. Reston, VA. 
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Table 8: Estimated Dead Loads from ASCE 7-16 Table C3.1. 
Item Material Weight (psf) 
Interior Ceilings Acoustic Ceiling Tiles 3 
Roof Deck 2” Cellular Glass Insulation, Waterproofing 
Membrane with Gravel, 2” Wood Decking 
10 
Roof Unoccupied 2” Cellular Glass Insulation, Waterproofing 
Membrane with Gravel 
5 
Floor Linoleum 1 
Interior Partitions Steel with ½” Gypsum Board, each side 8 




HVAC, Plumbing, Fire, 
Electrical, Telecom 
HVAC, Plumbing, Fire, Electrical, Telecom 7 
 
5.3 Selection of Metal Decking 
The metal decking considered for use in this project came from the ASC Steel Deck 
Catalogue Version 2.059. Using normal weight concrete with a minimum compressive strength of 
4000 pounds per square inch, the factored psf load capacity was provided for all slab assemblies. 
When equation 16-2 from CBC 2019 was used, the maximum factored area load on the structure 
was 184 psf. From the framing layout, the maximum span length of the slab parallel to the ribs is 
10 ft. CBC 2019 Table 601 requires a minimum one hour fire rating for Type II structures. Using 
this information, the most economical deck to use was the 2WH-36 Gage 22 deck shown in 
Figure 13 with a 5.5 inch total depth of concrete providing an expected capacity of 339 psf at 10 
feet. 
 
Figure 13: ASCSD 2WH-36 Steel Deck Profile. 
 
5.4 Framing Layout 
Using the established system of gridlines, columns were placed in coordination with the 
architectural plans, and bay spacing was made equal where possible to reduce variation in 
connection design and section size for the beams and girders. When placing columns, it was 
59 ASCSD. (2019). Structural Steel Roof and Floor Deck Catalogue. Retrieved from https://ascsd.com/ 
 46 
                                               
important to locate them such that they were not located in the middle of a room or parking spot 
when the load path was carried down to the foundation to maintain functionality. Framing was 
drawn to connect columns along gridlines. With the maximum optimal span length for the metal 
decking being 15 feet, additional beams were added along gridlines to reduce the maximum deck 
span to 10 feet.  Figure #14 shows the layout of beams, columns, and braced frames at level 3.
 
Figure 14: Plan of view of level 3. 
5.5 Composite Steel Beam Design 
The design of composite beams required the loads during the construction phase to be 
estimated in addition to the dead and live loads once the structure is occupied. The design of 
these members follows the provisions outlined in AISC 360-16 Chapter I60. Three-quarter inch 
(¾”) diameter shear studs with an Fu of 60 ksi and length of 3.5 inches were used. For a complete 
list of beam sizes and locations, refer to the beam schedule in Appendix D.1. While the 
calculation of most members was simple, where the live loading of the floor changed and beams 
framed into girders, some non-uniform loading occurred. The calculations for these selected 
members can be found in Appendix D.2. For this structure, a typical beam under assembly 
loading is a W14x22 ASTM A992 with 58 shear studs. A typical girder in between two 
residential rooms in the building is a W18x35 ASTM A992 with 88 shear studs.  
 
5.6 Steel Column Design 
The steel columns were designed following the LRFD methods in AISC 360-16 Chapter 
E59. These columns were assumed to be continuous from the top of the concrete podium to the 
roof and pinned at both ends giving the column an effective length factor of K=1. This resulted 
60 American Institute of Steel Construction. (2016). Specification for structural steel buildings. Chicago, IL. 
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in the effective unbraced length of the column being 12 ft. Only non-slender sections were 
selected requiring the limit states of flexural buckling and torsional buckling to need to be 
checked.  In addition, AISCM Table 4-1a61 was referenced to confirm the calculated capacity 
was correct. The largest column specified for carrying only gravity loads is a W8x41.  The 
calculations for columns under gravity loads can be found in Appendix D.3.  
 
5.7 Lateral System Design 
The lateral steel system layout was chosen in coordination with the architectural plans 
taking into account the locations of windows, walls, and hallways. To increase redundancy in the 
East-West direction, two frames were chosen to be used along grid line (GL) 1 and grid line 6. In 
the North-South direction, three frames were placed at GL B, D, and G spanning from GL 4 to 
GL 6. This number of frames was chosen to not need to increase member demand per ASCE 7-
16 Section 12.3.4.2 due to the redundancy of the system layout. Frame locations were selected to 
minimize torsion in the building and to reduce the distance loads needed to be dragged through 
the structure. Elevations of the frames can be seen in Figure 15. 
 
Figure 15: Braced Frame Layout. 
Ground floor concrete shear walls needed to be located to not fall in the middle of 
program spaces. To maintain the load path, this resulted in the frames not being equally spaced 
throughout the structure. To determine brace configuration, coordination with architectural plans 
was conducted to determine inverted chevron braces would minimize conflicts with architectural 
openings in the residential rooms and the hallway. 
61 American Institute of Steel Construction. (2017). Steel construction manual (15th ed.). Chicago, IL. 
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To determine the governing lateral loads on the structure, a wind load analysis was 
conducted following part one of the Envelope Procedure in Chapter 28 of ASCE 7-1662. The 
total wind loads in each direction were transferred to each floor and compared to the seismic 
loads.  The seismic loads were calculated by modeling the seismic response spectrum in Etabs 
and extracting the modeled axial loading due to the seismic event from the model. The expected 
seismic response parameters were selected using ATC Hazards63 using a risk category of II and 
site class D based on the USGS soil survey map64. As shown below, Table 9 contains story 
shears from both lateral loads; seismic loading governs the design of the braced frames. Story 
shear was not considered for level 2, as the design of concrete beams and columns was not part 
of the scope making it difficult to estimate their mass which would have had large impacts on the 
seismic design shear for level 2.  
Table 9: Wind and Seismic Story Shears for Steel Structure. 
 North-South Wind East-West Wind Seismic 
Penthouse 2.0 kip 3.4 kip 9.2 kip 
Roof 16.0 kip 7.4 kip 2378.8 kip 
Level 3 28.2 kip 8.0 kip 2416 kip 
Sum 46.2 kip 18.8 kip 4806 kip 
 
Using the Etabs model output for seismic loading of each brace divided by R=6 to 
account for the ductility of a Special Concentric Braced Frame, the Braces were sized per AISC 
34165 and AISC 360-1666 as a member under axial load with both ends being treated as pinned. 
Utilizing AISCM Table 4-4 and 5-567, square HSS sections were selected with compressive and 
tensile capacity exceeding the modeled demand with axial compression governing design.  
To size the beams and columns the post-buckling capacity, expected tension, and 
expected compression capacities were calculated for each brace. Using the compressive and 
tensile demands calculated using the elastic analysis and an overstrength factor of 2, W12x190 
ASTM A992 columns were selected based on AISCM Tables 4-1a and 5-166. At level 3, the 
chevron braces frame into the beam at its center generating large moments and deflections in a 
62 American Society of Civil Engineers. (2017). Minimum design loads and associated criteria for buildings and 
other structures: Asce/Sei 7-16. Reston, VA. 
63 Hazards by Location. (n.d.). Retrieved October 8, 2020, from https://hazards.atcouncil.org/ 
64 See FN 35. 
65 American Institute of Steel Construction. (2016). Seismic provisions for structural steel buildings. Chicago, IL. 
66 American Institute of Steel Construction. (2017). Steel construction manual (15th ed.). Chicago, IL. 
67 American Institute of Steel Construction. (2016). Specification for structural steel buildings. Chicago, IL. 
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seismic event. The post-buckling forces and tensile capacity of the brace were used to determine 
the axial, moment, and shear demands on this beam, which was treated as a beam-column. The 
moment demand on this beam was 1784 kip-ft, shear demand was 151 kip, and axial demand 
was 104 kip. To accommodate the large moment, a W21x223 ASTM A992 section was selected 
which has a capacity of 1960 kip-foot for a 24 foot long member. With this member being a 
beam-column, the interaction equations were checked per AISC 360 Chapter H1.165. The roof 
beam in this braced frame was designed as a typical composite section, as it is assumed the 
braces take all of the seismic loads and this beam only carries gravity loads. Figure 16 below 
summarizes the member sizes with the concrete shear wall not shown for clarity. 
 
Figure 16: Special Concentric Braced Frame Member Sizes. 
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5.8 Selected Connection Design 
Within this structure, the majority of connections were typical bolted connections that 
were not designed, but conceptual details were created as shown in Appendix D.1. The two 
connections that were designed in this structure were the level 3 brace to column and the level 3 
brace to beam connections in the special concentric braced frame, called out as details 1 and 3 in 
Figure 17 and 18 in Section 4.7. For each connection, the appropriate limit states were 
considered in accordance with AISC 34168 and AISC 36069 to make sure that the gusset plates 
used in the connections are ductile, allowing the brace to buckle out of plane. The key to this 
connection was the fold line, as that was where this plate was designed to undergo plastic 
deformations. The dimensions and thickness of the gusset plate were determined using the 
uniform force method. A few of the many limit states checked on the gusset plate, in addition to 
the many limit states checked for connections of the gusset plate to other members, include: 
tensile yielding and compressive buckling on the whitmore section, shear and tensile yielding at 
beam and column flange, force interaction for combined loads, and many more. To improve ease 
of erection, the brace to column connection utilizes an end plate welded to the beam and gusset 
plate allowing this assembly to be bolted to the column during erection. In a seismic event, the 
brace generates prying forces which need to be checked in addition to bearing, block shear 
rupture, and bolt shear. Supporting calculations for these details can be found in Appendix D.5 
and detail 1 and 3 are summarized below in Figures 17 and 18, respectively. 
68 See FN. 64 
69 See FN. 65 
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Figure 17: Detail 1 Brace to Column Connection. 
 
Figure 18: Detail 3 Brace to Beam Connection.  
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Chapter 6: Shipping Container Design Approach 
6.1. Shipping Container Background Information 
For the shipping container design approach, three different types of containers were used: 
20 foot High-Cube, 40 foot High-Cube, and 45 foot High-Cube shipping containers. The 
dimensions and capacities of these containers can be found in Table 10 and Table 11, below. 
When approaching the shipping container design, the engineers wanted to design the building so 
that the containers could be stacked similar to how they are stacked on container ships. After 
initial research of shipping container behavior, it was concluded that shipping containers can be 
stacked up to nine containers high.  
Table 10: Dimensions of 20’, 40’, and 45’ High-Cube Shipping Containers70,71,72. 
Size Exterior Interior Door Opening 
High-Cube 
Container Length Width Height Length Width Height Width Height 
20’ 20’ 8’ 9’6” 19’5” 7’8” 8’10” 7’8” 8’ 5 ½” 
40’ 40’ 8’ 9’6” 39’5” 7’8” 8’10” 7’8” 8’ 5 ½” 
45’ 45’ 8’ 9’6” 44’5” 7’8” 8’10” 7’8” 8’ 5 ½” 
 














20’ 1317 852 5,335 6.26 67,197 61,862 
40’ 2694 1,552 8,775 5.65 67,200 58,425 
45’ 3043 1,727 9,810 5.68 72,800 62,290 
 
6.2 Gravity Load Determination 
The dead loads, shown in Table 10, were determined using ASCE 7-16 Table C3.1. The 
self-weight of the shipping containers was not found in ASCE 7-16 Table C3.1; therefore, the 
dead loads of the 20 foot, 40 foot, and 45 foot shipping containers were calculated by dividing 
70 20' High Cube Shipping Containers For Sale - Quality Manufacturing. (2018, August 28). Retrieved June 1, 2020, 
from https://www.bslcontainers.com/shipping-container-manufacturers/20-foot-high-cube-shipping-container/ 
71 40ft High Cube Container. (n.d.). Retrieved from http://containertech.com/container-sales/40ft-high-cube-
container-standard-iso/ 
72 45ft High Cube Container. (n.d.). Retrieved June 1, 2020, from http://containertech.com/container-sales/45ft-
high-cube-container-standard-iso/ 
73 See FN 69. 
74 See FN 70. 
75 See FN 71. 
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the tare weight, or self-weight, of the empty container by the exterior surface area. The design 
team confirmed with LifeMoves that the interior finishes listed in Table 12 are similar to what 
the organization would eventually install since interior finishes are out of the design team’s 
scope and have not yet been selected for Hester Gardens.  
Table 12: Estimated Container Self-Weight and Dead Loads from ASCE 7-16 Table C3.1. 
Item Material Dead Load (psf) 
Container Self Weight 20’ Shipping Container 6.26 
Container Self Weight 40’ Shipping Container 5.65 
Container Self Weight 45’ Shipping Container 5.68 
Interior Ceilings Acoustical Fiber Tiles 3.00 
Unoccupied Roof 
2” Cellular Glass Insulation, 
Waterproofing Membrane with 
Gravel 5.50 
Interior Insulation Fiberglass 1.500 
Interior Floors Linoleum 1.00 
Roof Deck 
Wood decking, iron metal 
railings 130.0 
HVAC, Plumbing, Fire, 
Electrical, Telecom 
HVAC, Plumbing, Fire, 
Electrical, Telecom 7.00 
 
The live loads were determined using 2019 California Building Code, Table 1607.176, 
Minimum Uniformly Distributed Live Loads. Figure 17 shows the live load map of levels 2 and 
3. Figure 18 shows the live load map of the roof. Table 13 indicates which live loads correspond 
to which colors. Although not highlighted in Figure 19 and Figure 20, the stairs and elevators 
were assumed to have an assembly area live load.  
 
76 International Code Council. (2019). California Building Code Title 24, Part 2. 
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Figure 19: A live load map of level 2 and level 3. Table 13 indicates what colors correspond to 
what live load.  
 
 
Figure 20: A live load map of the roof. Table 13 indicates what colors correspond to what live 
load.  
 
Table 13: Live Loads and their corresponding colors on the live load maps for Figure 19 and 
Figure 20. 
Color Load Type Live Load (psf) 
Red Residential 40.0 
Blue  Assembly Areas 100.0 
Purple Hallways 100.0 
Green Occupied Roof 100.0 
Yellow Unoccupied Roof 20.0 
 
6.3 Lateral System Design 
To determine the governing lateral loads on the shipping container structure, a wind load 
analysis was conducted following part one of the Envelope Procedure in Chapter 28 of ASCE 7-
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1677, and a seismic load analysis was conducted using the Equivalent Lateral Force Procedure in 
Chapter 12 of ASCE 7-1676.  The final lateral system was designed to withstand the greatest 
loading between the wind and seismic loads. For this structure the governing lateral load was 
seismic loading. Table 14 summarizes the story shears based on wind and seismic loading. This 
section will explain the wind load analysis, seismic load analysis, and the reinforcement design 
around the door, window, and hallway openings.  
 
Table 14: Wind and Seismic Story Shears for Shipping Container Structure in kips.  
 North-South Wind East-West Wind Seismic 
Level 3 64.9 17.9 582 
Roof 29.3 8.52 149 
Penthouse  1.112 2.528 80.9 
Sum 66.0 20.4 582 
 
6.3.1 Wind Load Analysis 
The Low Rise Building Envelope Procedure outlined in Chapter 28 of ASCE 7-1676 was 
used for the wind load analysis. Chapter 28 was chosen because the envelope procedure is meant 
specifically for low rise buildings, which refers to buildings with a maximum of four (4) stories. 
The wind load parameters were hand-calculated using ASCE 7-16 Chapter 2676, and were 
confirmed with ATC Hazards78 results for the building’s location, featured in Table 15. See 










77 American Society of Civil Engineers. (2017). Minimum design loads and associated criteria for buildings and 
other structures: Asce/Sei 7-16. Reston, VA. 
78 See FN 40. 
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Table 15: Assumed Wind Load Parameters for MWFRS Wind Load Analysis of Steel and Shipping 
Container Building. 
Building Assumptions Code Reference (ASCE 7-16) 
Enclosure Classification Enclosed 26.12, 26.2 
Building Risk Category 2  
Basic Wind Speed, V 92.5 Fig. 26.5-1B & Fig 26.5-2B 
Wind Directionality Factor, Kd 0.85 Table 26.6-1 
Topographic Factor, Kzt 1 26.8.2 
Ground Elevation Factor, Ke 1 26.9 
Gust Effect Factor 0.85 26.11.1 
Internal Pressure Coefficient, GCpi +/- 0.18 Table 26.13-1 
External Pressure Coefficient, GCpf Varies Table 28.3-1 
Roof Type Flat  
Surface Roughness Type B 26.7.2 
Exposure C 26.7.2 
Velocity Pressure Exposure 
Coefficients, Kz 1.049 Table 26.10-1 
 
The building’s surface roughness type was selected as “B” because the surrounding 
neighborhood is a mix of urban and suburban buildings. Exposure “C” was chosen because the 
houses across the street from the building are all one level residential homes and there is a large 
open space at Lincoln High School, which is 0.5 miles away from the building. Using this 
information, the wind pressures along the height of the building were calculated, and can be 
found in Section E3 in the Appendix. The greatest wind pressure in the north-south direction was 
found to be 20 psf. The greatest wind pressure in the east-west direction was found to be 21.3 
psf.  
The wind pressure for both load case A and load case B were considered for the 
building’s multiple surfaces. The surface labeling diagram can be found in Appendix section E3, 
along with the equations and corresponding calculations used to calculate the results in Table 16. 




Table 16:  Design Wind Pressure (psf) for the Shipping Container Structure. 
Building Surface Case A +GCpi Case A -GCpi Case B +GCpi Case B -GCpi 
1 4.33 11.40 -12.40 -5.31 
2 -17.1 -10.00 -17.10 -10.00 
3 -10.80 -3.74 -10.80 -3.74 
4 -9.25 -2.17 -12.40 -5.31 
5 N/A N/A 4.33 11.40 
6 N/A N/A -9.25 -2.17 
1E 8.46 15.6 -13.00 -5.90 
2E -24.6 -17.5 -24.6 -17.50 
3E -14.00 -6.89 -14.00 -6.89 
4E -12.0 -4.92 -13.0 -5.90 
5E N/A N/A 8.46 15.6 
6E N/A N/A -12.0 -4.92 
 
Additionally, it was necessary to consider surface pairs in addition to individual building 
surfaces. The results, found in Table 17, indicate the greatest surface pair would create a 
maximum pressure of 20.47 psf located on the building on surfaces 5E and 6E. Corresponding 
calculations can be found in Appendix E.3.  
 




+GCpi Case A -GCpi Case B +GCpi Case B -GCpi 
Governing 
Load Case 
1E+4E 20.5 20.5 0.000 0.000 A 
2E+3E -10.60 -10.60 -10.60 -10.60 A or B 
5E+6E N/A N/A 20.5 20.5 B 
1+4 13.60 13.60 0.000 0.000 A 
2+3 -6.30 -6.30 -6.30 -6.30 A or B 
5+6 N/A N/A 13.60 13.60 B 
 
In conclusion, the greatest possible wind load will be a maximum 24.6 pounds per square 
feet, on the leeward edge (2E) of the roof where the uplift pressure is concentrated. This is 
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because the structure’s surface pairs increase the minimum wind pressure the structure will need 
to resist. Considering the building surface pairs on both structures, load case A will govern in the 
North-South direction, while load case B will govern the East-West direction.  
 
6.3.2 Earthquake Load Analysis 
As previously mentioned, the seismic load analysis was completed using the Equivalent 
Lateral Force Procedure from Chapters 11 and 12 of ASCE 7-1679.  Expected seismic response 
parameters were selected using ATC hazards with a risk category of II and site class D based on 
a USGS soil survey map. The R-value, or seismic response modification factor, was determined 
using ICC G5-201980 and was confirmed by industry professionals at Precision Structural 
Engineers. Table 18 displays the parameters and assumptions used to complete the seismic 
analysis. 
Table 18: Basic Parameters for Seismic Analysis. 
Elevation 115' 
Risk Category II 
Site Class D 
R-Value 2 
MCER ground motion (period=0.2s) SS 1.5 
MCER ground motion (period=1.0s) S1 0.6 
Site-Modified Spectral Acceleration Value SMS 1.8 
Site-Modified Spectral Acceleration Value SM1 1.02 
 Design Spectral Response Parameter (period=0.2s) SDS 1.2 
Design Spectral Response Parameter (period=1.0s) SD1 0.68 
Seismic Design Category SDC D 
 
Table 19 displays the calculated weight of each floor of the building, which was necessary for 






79 See FN 76. 
80 See FN 21.  
 59 
                                               
Table 19: Total Weight of Each Floor of the Shipping Container Building. 






The seismic loads were calculated using the parameters in Table 18 and the story weights 
in Table 19. The calculations can be found in Appendix E-4, and the seismic load results are 
below in Table 20. These loads were greater than the loading caused by wind pressure; therefore, 
the seismic loads govern for the project’s lateral system design.   
 
Table 20: Base Shear and Story Shear for Shipping Container Building. 
Seismic Response Coefficient, Cs 0.6 
Approximate Fundamental Period, Ta 0.333 sec 
Base Shear, V 582 kips 
Level 3 Story Shear, V3 582 kips 
Roof Story Shear, VR 149 kips 
Penthouse Story Shear, VP 80.9 kips 
Overturning Moment, MOT 7720 kip-ft 
 
 
6.4 Load Combinations and Maximum Loads 
A modular approach was used to determine the loads traveling throughout the building. 
As mentioned in Chapter 3, loads travel from container to container through the corner fittings. 
To find the maximum loads transferring through the building, the loads going through every 
corner of the building were calculated. As seen in Figure 21 below, each corner of a container 
was uniformly given a number. Odd numbers indicate the top corners, even indicate the bottom 
corners, the first four numbers indicate the south side of the container, and the last four numbers 
indicate the north side. This 1-8 corner identification system was applied to every container in 
the building.  
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Figure 21: Diagram of assigned corner numbers to identify and track load through the corners of 
every container in the building.  
 
To efficiently calculate corner loads, each container in the structure was categorized into 
one of 19 different container types. All container types are outlined in Table 21. Loads were 



















Table 21: Modular Container Types.  
Modular 
Container Type 
Size Description Roof Type 
3-1 20' Residential Unoccupied Roof 
3-2 20' Residential Occupied Roof 
3-3 20' Assembly Unoccupied Roof 
3-4 40' Hallway Occupied Roof 
3-5 45' Hallway Unoccupied Roof 
3-6a 45' Hallway - 6 3-1 containers framing into it Occupied Roof 
3-6b 
45' Hallway - has 4 3-2, 3-7, 3-8 containers 
framing into it  Occupied Roof 
3-7 20' Stairs Unoccupied Roof 
3-8 20' Elevator Unoccupied Roof 
2-1 20' Residential Unoccupied Roof 
2-2a 20’ Residential - 3-1 above Occupied Roof 
2-2b 20’ Residential - 3-2 above Occupied Roof 
2-3 20' Assembly Occupied Roof 
2-4 45' Hallway Occupied Roof 
2-5a 45' 
Hallway - has 3 2-1 and 3 2-3 containers 
framing into it Unoccupied Roof 
2-5b 45' Hallway - has 6 2-1 containers framing into it Unoccupied Roof 
2-5c 45' 
Hallway - has 4 2-2, 2-6, 2-7 containers 
framing into it  Unoccupied Roof 
2-6 20' Stairs Unoccupied Roof 
2-7 20' Elevator Unoccupied Roof 
 
Once each container had been categorized, the applicable dead load, live load, incoming 
load from floors above, wind loads, and live roof loads were calculated for each modular 
container type, and all lateral loads were converted into equivalent gravity loads. These results 
were applied to the load combinations equations 16-1 through 16-7, found in the CBC’s Chapter 
1681. While using the combinations, it was assumed there would be no snow load, no rain load, 
and no load due to lateral pressure, as the building was above ground. The f1 variable was set 
equal to 0.5 because the building has no live loads in excess of 100. A sample of the load 
combination results for one container group type, a Container Type 2-2a, can be found in Table 
22.   
81 International Code Council. (2019). California Building Code Title 24, Part 2. 
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Table 22: Loading for Container Type 2-2a. 
 Loads (lbs) 
Corner Dead  Live  Live Roof Wind  Earthquake  
1 710 0 1600 101 5180 
2 2300 1490 1600 405 5180 
3 710 0 1600 101 5180 
4 2300 1490 1600 405 5180 
5 710 0 1600 101 5180 
6 2090 1490 1600 405 5180 
7 710 0 1600 101 5180 
8 2090 1490 1600 405 5180 
 
Using the loads from Table 22, Table 23 contains sample results of applying the load 
combinations to Container Type 2-2 for Corner 2. First, the load combinations were calculated 
for the loads acting on the container, excluding the load coming into the container from a 
container above. These results were added to an incoming force, or the load from the container 
above, which had also been separately run through the load calculation. By adding the result and 
incoming forces, it was determined that the maximum loading condition for Container Type 2-2a 
will be from equation 16-5 at 9610 pounds. The full load combination calculations can be found 
in Appendix E.5.  
 
Table 23: Load Combination Results for Corner 2 in Container Type 2-2. The maximum loading 
condition is highlighted in green. “Incoming” indicates the incoming load from the above 
container.  
Equation Result (lb) Equation Result (lb) 
16-1 3960 16-5 9610 
16-2 5770 16-6 2950 
16-3 6810 16-7 7720 
16-4 4840  
Maximum Incoming Force (lb) 15,600 
Max Incoming + Maximum Result (16-5) 
(lb) 25,200 
 
After running every container type through the load combinations and adding in the 
applicable incoming load, the hallway corners undergo the highest amount of loading in the 
building. The worst load case will occur in Container Type 2-4D, a second floor 45 foot hallway 
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container, with a maximum gravity load of 65,787 lbs in the bottom corner fittings. Only one 
worst load case was determined because all corner fittings, regardless of the container type, must 
meet ISO standard capacity as stated in Chapter 3.  
 
6.5 Opening Reinforcement Design 
Per ISO 1496-1 Test No. 9- Rigidity (transverse) and Test No. 10 -Rigidity 
(longitudinal)82, all ISO Shipping Containers have the minimum shear capacity of 150 kN in the 
transverse direction, the eight (8) foot walls, and 75 kN in the longitudinal direction, the 20, 40, 
and 45 foot walls. Figure 22 and Figure 23 show the externally applied test forces on the 
shipping containers.  As outlined in Table 24, this results in capacities of 4.22 kips/foot in the 
transverse direction and 0.84 kips/foot in the 20 foot longitudinal direction. 
 
Figure 22: Externally Applied Loads for ISO 1496-1 Test No. 9 - Rigidity (Transverse). 
 
Figure 23: Externally Applied Loads for ISO 1496-1 Test No. 10 - Rigidity (Longitudinal). 
 
 Table 24:  Shear Capacity before Yielding of Shipping Container Walls per ISO 1496-1. 
 Shear Capacity (kN) Shear Capacity (kips) Shear Capacity (kip/ft) 
Transverse (8’) 150 34 4.22 
Longitudinal (20’) 75 17 0.84 
 
For the 20 foot High-Cube shipping containers, door openings would be designed by 
taking out one of the end wall shipping container doors, resulting in a four foot shear wall 
82 See FN 29. 
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created by the remaining shipping container door. Windows are three feet by four feet. These 
windows are on the exterior side of the 20 foot shipping containers, located beside the corner 
post, resulting in a four feet nine inch (4’9”) shear wall, as seen in Figure 24. To ensure that all 
openings within the container building were properly reinforced, the design team analyzed lateral 
loading of each container, looking for the worst lateral loading cases. To find the shear demand 
of four foot door shear walls, the total story shear was divided by the number of four foot shear 
walls on that floor. To find the shear demand of 4’9” shear walls, the total story shear was 
divided by the amount of 4' 9” shear walls on that floor. These results are summarized in Table 
25.  
Table 25: Shear Demand of Shear Walls on Each Level.  
 Total Story 
Shear (kips) 
Shear Demand 
per Row of 
Containers (kips) 
Shear Demand per 
4’ Door Shear Wall 
(kips/ft) 




Level 3  582  146 1.82 1.46 
Roof  149 37.3 0.47 0.37 
Penthouse 80.9  20.2 0.25 0.21 
 
After calculating the loads transferring through each container, it was determined that the 
worst case occurs on the second floor window shear walls, which have a demand of 1.5 
kips/foot, and the second floor door shear walls have a demand of 1.8 kips/foot. Comparing these 
values to ISO testing results listed in Table 24, windows and doors will have factors of safety of 
2.9 and 2.3 against yielding, respectively. The ICC G5-2019 suggests that the shear capacity for 
the side walls and end walls of ISO shipping containers are reduced by a factor of safety of five. 
To address the lower factor of safety and to add to the structural integrity of each container, a 
square HSS 2 ½” x 2 ½” x ¼” column, with an axial compression capacity of 17.7 kips was 
designed to be installed around the window and door openings. Figure 24 and Figure 25 show a 
typical window and door opening reinforcement. This HSS column was designed to resist the 
axial load caused by the overturning moment of the seismic forces. Appendix E.6 includes the 
calculations for the window and door reinforcements.  
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Figure 24: End Wall of Shipping Container - Window Detail. R.O. stands for rough opening. 
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Figure 25: Shipping Container Door - Door Detail. R.O. stands for rough opening. 
 
In the open assembly areas of the building, the containers will have their corrugated sheet 
metal siding removed to create one open, connected space. In 40 foot and 45 foot containers 
specifically, the corrugated metal siding helps support the gravity demand on the railings in 
addition to resisting the container’s shear load. Because the 40 foot and 45 foot containers in the 
space will have both of their sides removed, this weakens each container’s ability to adequately 
support its gravity loads, causing the bottom rail to sag beyond the acceptable CBC L/240 
deflection limit onto the container below (Table 26). To resist sagging, three one inch shims and 




Figure 26: Shipping Container Hallway Reinforcement. 
 
posts were designed by calculating the incoming floor gravity load 
from the 45 foot container on the third floor. 40 foot and 45 foot High-Cube shipping containers 
can support their own self weight without excessive deflection. It is only the additional live load 
and gravity load from finishes and furniture inside the container that cause the container to sage 
past the acceptable deflection limit for floors. Therefore, assuming the existing container’s 
structure can support its own self-weight, the reinforcement demand was calculated as the sum of 
the dead and live load of the container, excluding the container’s self-weight. As seen in Table 
26, the demand per post was calculated to be 3,530 kips, using tributary area method and 
assuming the original container frame would not resist the sag load. 
 
Table 26: Reinforcement Demand Calculation.  
Gravity load of ½ Hallway  10,600 lbs 
Length of Hallway 45 feet 
Load/ft per side of Hallway  235 lbs 
Posts/Side of Hallway  3 
Demand/Post  3,530 lbs 
Buckling Capacity per Post 7,630 lbs 
Factor of Safety 2.22 
 
Each column size considered was checked for capacity against buckling. Using AISC 
Table 4-483 
83 American Institute of Steel Construction. (2017). Steel construction manual (15th ed.). Chicago, IL. 
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post was selected with a buckling capacity of 7.63 kips. Hallway reinforcement calculations can 
be found in Appendix E6.  
 
6.5 Container Connection Design 
Containers are connected with pre-fabricated metal connectors called twistlocks.  
Twistlocks transfer load and hold shipping containers together by connecting in one direction 
between two corners of two shipping containers. As seen in Figure 27, twistlocks connect two 
container corner fittings together by inserting the twistlock into the holes of the corner fitting. 
After the twistlock is inserted between the container corners, it is locked into place by sliding a 
metal lever into the “closed” position. To ensure the integrity and guarantee no tampering with 
the system, this metal lever is then spot welded permanently closed once in place.  
 
 
Figure 27: Seabox vertical twistlock and horizontal twistlock installation schematic84. 
 
 
The container connections will be prefabricated twistlocks made by Seabox and 
MacGregor, companies that manufactures twistlocks for cargo ships using shipping containers85. 
84 Seabox. (n.d.). SB441.DLA Vertical Twistlock Stacker [Brochure]. East Riverton, NJ: Author. 
Product Specification Sheet 
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The three types of twistlocks specified for this project will be a vertical twistlock from Seabox, a 
horizontal CV-8G twistlock from MacGregor, and a deck-mounted corner plate twistlock from 
Seabox (Figure 28). Spec sheets for all three twistlocks can be found in Appendix E.7.  
The greatest demand on the building’s vertical twistlocks is 66 kips, as seen in Table 27 
below. As MacGregor’s twistlocks only offered a maximum capacity of 56 kips, this project will 
use the SB441.IWS Vertical Twistlock Stacker from Seabox because the twistlock has a capacity 
of 110 kips of tensile strength. While this twistlock has significantly more demand than capacity, 
Seabox did not have an alternative twistlock with less capacity than 100 kips of tensile strength. 
The horizontal connections will be the MacGregor CV-8G manual twistlocks because of 
their durability and ability to withstand 56 kips. The CV-8 series was chosen because it was a 
manual lock, is easily installed on-site, and is easily hidden from view within the structure. The 
CV-8B was chosen out of the three CV-8 models because the twistlock comes with a built in 
wear indicator. The term wear refers to excessive lateral loading that would damage the twistlock 
and decrease its capacity. For example, after an earthquake, the indicator would let the client 
know if the indicator needed to be replaced.  
 
Figure 28: 9001SB1470.CP.RH Deck-Mount Twistlock with Corner Plate, Right Hand 5 Hole.  
 
The deck-mounted twistlock, which will connect the building’s containers to the concrete 
podium, will be a Seabox deck-mounted twistlock with a five hole corner plate, seen in Figure 
28. The five hole deck-mounted twistlock was chosen over the two hole because the two hole 
85 MacGregor SSC Connections Catalogue, 
<https://www.macgregor.com/globalassets/picturepark/imported-assets/65120.pdf> 
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deck mount was only rated for a one to two story building. Considering this building has two 
stories and an occupied roof, the larger deck-mount was chosen to be more conservative. 
 
Table 27: Twistlock tensile capacity, shear capacity, and maximum tensile demand provided by 
the applicable manufacturer. 
Description Tensile Capacity 
(kips) 





110 88 66 
MacGregor CV-8G 
Horizontal Twistlock 





300 N/A 66 
 
As outlined in section 6.4 of this report, the maximum capacity of each connection was 
calculated by taking into account the dead, live, and earthquake load that the connection would 
be subject to individually. Then, this loading was increased when load combinations were 
applied, in order to find the maximum capacity required by code. Finally, the tensile capacity 
was checked against the manufacturer’s guaranteed capacity of each twistlock. These results can 
be found above in Table 27. Calculations and equations used can be found in Appendix E.7.  
 
6.6 Special Features and Innovations 
Standard container roofs do not have the capacity to support the 100 PSF load legally 
required for an occupied roof. This project needed to innovate a new way to reinforce the 
occupied roofs throughout the building in a cost effective, attractive, and easily constructible 
way. Three possible solutions were considered: reinforcing the roof with a metal or wood framed 
deck addition, flipping the level three containers upside down so their strong floor became the 
ceiling, or installing platform shipping containers on the deck. An image of a platform shipping 
container can be seen below in Figure 29. 
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Figure 29: Platform shipping container. 
Reinforcing with metal or wood would be simple, requires no additional knowledge to 
install, and is a lighter option compared to the platform shipping containers Using wood or metal 
would not take advantage of the prefabricated nature of the building, however, so it would be 
architecturally mismatched with the rest of the building. Flipping the container over 180 degrees, 
so the strong floor became the ceiling, would be feasible because the inside apartment rooms 
only needed a 40 psf capacity. This would decrease the amount of reinforcing necessary, to 
reinforce the roof for 40 psf instead of 100 psf, however this additional reinforcement inside the 
container would take away room within the already small apartment. Additionally, it would be 
logistically more difficult during installation. Finally, the platform shipping containers would be 
easily installed onsite and match the rest of the building’s architecture, but would cost the most 
of all the options considered. Platforms also provide significantly more weight at the top of the 
building as compared to the other two options, increasing the lateral and gravity loads for the 
containers below to support. After a cost and strength analysis was completed, the wood deck 
was chosen because it is easily constructed, the lightest option, and the cheapest. 
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Chapter 7: Construction Project Management 
7.1. Cost Estimate 
One of the main factors driving this entire project was cost. While LifeMoves does not 
have a specific budget at this time, Ms. Price expressed that the building should roughly cost 
$1,500 per square foot. This section includes the structural steel estimate, shipping container 
structural estimate, a comparison between the two estimates, as well as an estimate for the entire 
project. The complete cost estimate for all three estimates as well as their respective quantity 
takeoffs be found in Appendices F.1 through F.6.  
 
7.1.1 Steel 
The structural steel estimate was put together under the advising and unit costs provided 
by Carey Lee, the Regional Sales Manager for Sunsteel LLC, a design build steel subcontractor 
based out of Vancouver Washington. Units costs were also gathered from RSMeans, Jon Snow 
from Hensel Phelps, King Crane Service, Bigge Equipment Co., and Interstate Concrete 
Pumping.The structural steel estimate includes the material, labor, and equipment for the steel I 
beams and columns, HSS square braces, and structural concrete on metal decking. Quantities 
were extracted from the steel structure’s Etabs model. Carey Lee advised that an extra 10% be 
added to the steel takeoffs to account for all the plate/deck supports, connections, and 
edge/perimeter conditions. Table 28 lists the material, labor, and equipment rates provided by 
Sunsteel and RS Means to complete the estimate. The full estimate, quantities, and takeoffs can 












Table 28: Unit Costs provided by Sunsteel, LLC and RSMeans to complete Structural Steel Estimate. 
Description Unit Cost Source 
Steel Beams/Columns 
Material $1500/ton 
Sunsteel, LLC  
Shear Studs $1.50/stud 
Paint & Prime $100/ton 
Fabrication Labor and Equipment $65/ton 




Paint & Prime $100/ton 
Fabrication Labor and Equipment $65/ton 
Erection Labor and Equipment $1000/ton 
Metal Decking 
Material, Labor, and Equipment $250/sheet Sunsteel, LLC 
Normal Weight Concrete (4000 psi, high early strength) 
Material, Labor, and Equipment $127.55/cubic yard RSMeans 
Equipment 
Hydraulic Crane - Terex-T775 (Operated) $295/hour King Crane Service/ Bigge 
Equipment Co.  
Concrete Pump - Interstate Pumping 47M $295/hour Interstate Concrete Pumping 
Mobilization/Demobilization $1000/mob Hensel Phelps 
 
Alongside the unit costs in Table 28, Carey Lee informed the estimators that trucks can 
typically hold 20 tons of steel, and each truck used to ship steel costs $1000 per truck. The total 
cost of the structural steel building is $521,293.85, with a cost/sf of $29.51. Table 29 gives a 





Table 29: Summary of Structural Steel Estimate. 




Metal Decking $44550.00 
Concrete $62918.93 
Concrete Pump - Interstate Pumping 47M $5310.00 
Hydraulic Crane - Terex-T775 (Operated) $13275.00 
Mobilization/Demobilization $4000.00 
Total Tons of Steel 99.72 
Total Pieces of Steel 195 
Total Shipping Costs $5000.00 
Total Cost of Steel $523,358.85 
Cost/SF $29.63 
 
7.1.2 Shipping Containers 
 When the design team began the structural shipping container estimate, it was discovered 
that used 20 foot High-Cube shipping containers were nearly impossible to procure. After 
speaking with six shipping container suppliers, it was determined there was no feasible way to 
procure the 86 used 20’ High-Cube shipping containers needed for this project. In order to 
provide a cost analysis while still providing LifeMoves with a realistic estimate for this project, 
the design team created two structural estimates for the shipping container building. One 
estimate would estimate the project assuming only used shipping containers were used, including 
20 foot High-Cube containers, to maintain the analysis between a traditional steel and used 
shipping container building.  A second estimate assumed all 86 of the 20 foot High-Cube 
containers would be brand new containers, which would increase the cost of the project, but is 







Table 30: Unit Costs provided by ConexWest, Falcon Structures, Sunsteel, Bigge Crane, and 
RSMeans to complete Used Shipping Containers Estimate. 
Description Unit Cost Source 
Containers 
New 20’ H.C. Shipping Container $4,248.00 Conexwest 
Used 20’ H.C. Shipping Container $2,741.00 Conexwest 
Used 40’ H.C. Shipping Container $2,850.00 Conexwest 
Used 45’ H.C. Shipping Container $3,725.00 Conexwest 




Horizontal Twistlock $58.00/lock MacGregor 
Vertical Twistlock $68.00/lock Seabox 
Foundation Twistlock  $437.00/lock Seabox 
Container Cutout Reinforcing and Fabrication 
Door Removal $0 Conexwest 
Door Cutout $900.00  
Window Cutout $400.00 Conexwest 
Hallway Cutout $1600.00 Conexwest 
Door Reinforcement $42.50 Conexwest 
Window Reinforcement $42.50 Conexwest 
Hallway Reinforcing Post $33.50 Conexwest 
Equipment 
265 Ton All Terrain Crane $585.00 /hour Bigge Crane Co. 
100 Ton All Terrain Crane  $435/hour Bigge Crane Co. 
 
Table 31 summarizes the total cost of the structural portion of the shipping container 
structure. Two 20 foot High-Cube shipping container costs are outlined in Table 31. The cost of 
new 20 foot High-Cube shipping containers was used to calculate the Total Cost with New 20’ 
Shipping Container estimate. The cost of used 20 foot High-Cube shipping containers was used 
to calculate the Total Cost for Used Shipping Container estimate.  The shipping container 
estimate with only used shipping containers was $546,787.07. The shipping container estimate, 
with brand new 20 foot High-Cube containers, had a total cost of $673,375.07. Quotes, 
assumptions, and rates for the two shipping container estimates can be found in Appendix F-3 
and Appendix F-4.   
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Table 31: Summary of Shipping Containers Estimate. 
Description Total Cost 
New 20’ H.C. Shipping Container* $390,957.00 
Used 20’ H.C. Shipping Container** $264,369.00 
Used 40’ H.C. Shipping Container $3,175.00 
Used 45’ H.C. Shipping Container $28,350.00 
Ocean Certification Inspection Fee per Container $13,800 
Horizontal Twistlock $20,880.00 
Vertical Twistlock $6,528.00 
Foundation Twistlock $47,196.00 
Door Removal $0.00 
Door Cutout $29,700.00 
Window Cutout $29,600.00 
Hallway Cutout $6,412.00 
20’ Container Wall Cutout $13,390.00 
Door Reinforcement $2,891.43 
Window Reinforcement $1,488.24 
Hallway Reinforcement $401.78 
265 Ton All Terrain Crane $49,437.5 
150 Ton All Terrain Crane $29,168.125 
Total Cost for Used Shipping Containers $546,787.07 
Used Shipping Containers Cost/SF $30.95 
Total Cost With New 20’ Shipping Containers $673,375.07 
New 20’ Shipping Containers Cost/SF $38.12 
* Only used to calculate “Total Cost With New 20’Shipping Containers” 
**Only used to calculate “Total Cost for Used Shipping Containers” 
 
7.1.3 Cost Comparison between Steel and Shipping Containers  
 To determine the most cost efficient building material, the cost per square foot of each 
building material was compared. As seen in Table 32, the least expensive building material is 
traditional steel at $29.63 per square foot. Using used shipping containers is approximately a 
dollar more per square foot, with a cost of $30.95 per square foot. The most expensive building 







Table 32: Cost comparison of using structural steel, new shipping containers, and used shipping 
containers as this project’s structural building material. 




Total Cost $523,358.85 $673,375.07 $546,787.07 
Cost per SQFT $29.63 $38.12 $30.95 
 
7.1.4 Full Estimate 
 Alongside the cost comparison between the structural components of the steel and 
shipping container buildings, the construction management team provided LifeMoves with a full 
estimate. Subcontractors were not asked to give estimates or quotes. Since the building has not 
been completely designed, line items included in the estimates are not finalized; therefore, 
subcontractors would not be able to provide the construction team accurate estimates. Instead, all 
unit costs were found using RS Means Square Foot Costs or RS Means Construction Costs, 
which provide approximate unit costs. Per RS Means, all unit costs must be multiplied by a 
location factor of 1.3 to take into account that this building is located in San Jose. Units costs and 
their sources can be found in Appendix F.5. Given how much of the building has been designed, 
the following estimate should be used as a resource for the owner to get an understanding of how 
much the following scopes will potentially cost, but should not be used as a quote. Table 33 















Table 33: Hester Gardens Schedule of Values without Structural Scope. 
Division Cost 
02 00 00 - Existing Conditions $56,529.62 
03 00 00 - Concrete $360,996.54 
05 00 00 - Metals $153,000.00 
08 00 00 - Openings $91,080 
09 00 00 - Finishes $374,526.24 
10 00 00 - Specialties $18,039.00 
11 00 00 - Equipment $39,950.00 
12 00 00 - Furnishings $54,000.00 
14 00 00 - Conveying Equipment $101,500.00 
22 00 00 - Plumbing $267,535.00 
23 00 00 - Heating, Ventilation, and Air Conditioning $511,488.00 
26 00 00 - Electrical $527,040.00 
28 00 00 - Electronic Safety and Security $31,622.00 
31 00 00 - Earthwork $230,582.30 
32 00 00 - Exterior Improvements $26,807.00 
Total  $4,408,288.73 
Total with Location Multiplier   $5,730,775.35 
Cost Per Square Foot  $165.82 
 
 The total estimate, including the values listed in Table 33 above, does not take into 
account certain aspects of the project. These excluded estimate items include, but is not limited 
to, all costs relating to the underground parking garage, any large MEPF equipment, wet utilities, 
casework, man lifts and hoistings, extra fire protection mitigation required by the City of San 
Jose, communal space furnishings and equipment, temporary facilities or temporary power, and 
permit costs, The staffing and general conditions costs of the project are also not included in the 
estimate, but estimated percent costs for these items are listed below in Tables 34 and 35.  
As the project is not fully designed, the staffing presented in Table 34 presents how the 
project will potentially be staffed given the square footage of the building and type of building 
that is being constructed as well as Bay Area labor rates. Labor rates were provided by Blach 







Table 34: Hester Gardens Construction Staffing and Staffing Rates. 
Staffing % of Time on Project Amount 






Senior Estimator 25% 1 165   
Estimator 60% 1 140   
Project Management Services 
Senior Project Manager 25% 1 155   
Project Manager 50% 1 140   
Project Engineer 100% 1 105   
Safety 
Safety Manager 25% 1 140   
Field Operations 
Superintendent 100% 1 145   
Foreman 100% 1 120 159 198 
Journeyman/Carpenter 100% 2 110 144 178 
Laborer 100% 2 90 117 144 
 
In addition to the material, labor, and equipment costs associated with the project, the 
final estimate of this project will need to take into account the contractor’s fees for completing 
the project. Contractor fees are typically a set percentage of the project’s overall cost, and 
consists of the contractor’s overhead costs, contingency fee, insurance cost, and profit margin. 
For this project, the estimated contractor’s fee will be approximately 14.5%, with the percentage 
breakdown in Table 35 below.  
Table 35: Contractor Fees for the project as a percentage of the total cost of the project.  
Contingency Overhead Profit Insurance Total 
5% 3.5% 5% 1% 14.5% 
 
In conclusion, Table 36 below summarizes the total cost of the Hester Gardens project for 





Table 36: Total Cost Comparison between Steel and Shipping Container Structure.  




Total Cost $6,254,134.20 $6,404,150.42 $6,277,562.42 
Cost Per Square Foot $195.45 $203.94 $196.77 
 
7.2. Schedule  
Another main factor that drives all construction projects is the schedule. LifeMoves does 
not have a projected date they would like for Hester Gardens to be opened; therefore, this 
schedule more accurately reflects durations and the logic behind constructing each building. For 
the structural schedule, 2020 RS Means86, Sunsteel LLC, and Hensel Phelps were consulted for 
estimated durations of labor and equipment use. Additionally, Conexwest and Falcon 
Construction were consulted to confirm the durations surrounding shipping container delivery 
and placement on site.  
 
7.2.1 Steel Structural Schedule 
The structural steel schedule was put together under the advising and productivity rates 
provided by Carey Lee from Sunsteel LLC and Jon Snow from Hensel Phelps. The structural 
steel schedule takes into account preconstruction, fabrication, and construction. Preconstruction, 
which includes bidding process, bid reviews, and shop drawings, is scheduled to take ten to 
eleven weeks, fabrication is scheduled to take seven weeks, and construction, with a productivity 
rate of 45 pieces per day is scheduled to take four weeks. The construction of the steel structure 
would be completed in two phases: the first phase includes the construction of the back 88 feet of 
the building, and the second phase includes the construction of the remaining 104 feet. The 
construction of the steel structure needs to be completed in two phases due to the narrow lot 
limiting the size of the mobile crane that can be used on site. The structural steel schedule totals 
about 21 to 22 weeks; however, if the subcontractor generates a mill order early on in the 
preconstruction phase, there will be overlap between preconstruction, fabrication, and 
construction that will reduce the overall schedule. Table 37 outlines the structural steel schedule 
in further detail. 
 
86 RSMeans Green Building Cost Data. Norwell, MA :RSMeans, 2010. 
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Table 37: Summary of Structural Steel Schedule. 
Description Duration Total 
Preconstruction 
Out to subs to generate bid package 2 weeks 
10-11 weeks 
General Contractor Review/Subcontractor 
Awarded 
1 week 
Prepare Shop Drawings  
-Generate Mill Order/Anchor Bolt Plan 
2 weeks 
Prepare Shop Drawings  
-RFIs among Engineer, Architect, and GC 
4 weeks 
Review and Approve Shop Drawings 1- 2 weeks 
Fabrication 
Fabrication 7 weeks 7 weeks  
Construction 
Mobilization - Phase 1 0.5 day 
4 weeks 
Steel Erection - Phase 1 3.5 days 
Demobilization - Phase 1 0.5 day 
Mobilization - Phase 2 0.5 day 
Steel Erection - Phase 2 3.5 days 
Demobilization - Phase 2 0.5 day 
Bolt/Plumb/Weld / Anchor Bolt Survey 1 week 
Concrete Pour on Metal Deck  3 days  
Total 21-22 weeks 
 
7.2.2 Shipping Containers Structural Schedule 
The shipping container schedule was put together under the advising and productivity 
rates provided by estimators from Conexwest and Falcon Structures. The shipping container 
schedule takes into account preconstruction, procurement, fabrication, delivery and construction 
of the structural system. A schedule breakdown can be seen below in Table 38. 
Preconstruction, which includes bidding process, bid reviews, and shop drawings, is 
scheduled to take twelve weeks. Twelve weeks are necessary because shipping container design 
knowledge and use of as a construction material is not common, and there are no shipping 
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container specific codes in the City of San Jose’s Building Code. This extra preconstruction time 
accounts for the extra time and effort the city building apartment and inspectors will need to 
approve the project with a novel material. 
 Structural fabrication for shipping containers includes the structural cutout and 
installation of metal reinforcing, which will take a maximum of three weeks. In shipping 
containers, certain finishes can also be prefabricated in the containers prior to onsite installation. 
Such finishes can include but are not limited to mechanical, plumbing, electrical, wood framing, 
insulation, drywalling, flooring, windows, and doors. Prefabricating the finishes of a shipping 
container before onsite installation of the container can save overall time in the project schedule, 
however will increase the structural schedule time to twelve weeks for fabrication.  
Construction, with a productivity rate of installing six containers per day, is scheduled to 
take three and a half weeks. The construction of the shipping container structure would be 
completed in two phases: the first phase includes the construction of the back 96 feet of the 
building, and the second phase includes the construction of the remaining 96 feet.  
 The top four structural critical path items on this project include the review and approval 
of shop drawings, structural fabrication of the containers, the beginning of container construction 
in phase one, and the beginning of construction of containers in phase two. The review and 
approval of shop drawings is the first critical project milestone because construction nor 
fabrication cannot begin without this approval. After, the structural fabrication of the containers 
is next, as the containers will not be installed without structural modifications. The next critical 
path item is the construction of containers in phase one, as the rest of the project cannot begin 
without the construction finishing first. Similarly with the construction of the containers in phase 
two, any other final finishes, MEP installation, and landscape work cannot begin until after the 









Table 38: Summary of Shipping Container Schedule.  
Description Duration Total 
Preconstruction 
Out to subs to generate bid package 2 weeks 
12 weeks 
General Contractor Review/Subcontractor 
Awarded 
1 week 
Prepare Shop Drawings  
-Generate Connection/MEP tie-ins Plan 
1 weeks 
Prepare Shop Drawings  
-RFIs among Engineer, Architect, and GC 
2 weeks 
Review and Approve Shop Drawings 6 weeks 
Fabrication 
Fabrication (Without Finishes) 3 weeks 3 weeks  
Fabrication (With Finishes) 12 weeks 12 weeks  
Construction 
Mobilization - Phase 1 0.5 day 
3.5 weeks 
Container Erection - Phase 1  8 days 
Demobilization - Phase 1 0.5 day 
Mobilization - Phase 2 0.5 day 
Container Erection - Phase 2 7 days 
Demobilization - Phase 2 0.5 day 
Net Schedule Time (Assuming 12 Weeks of Fabrication) 27.5 weeks 
Schedule Overlap Time 5 weeks 
Total Gross Length of Structural Schedule 23.5 weeks 
 
The shipping container schedule totals approximately 27.5 weeks. However, if the 
subcontractor can receive express approval for basic cutouts and reinforcing member shop 
drawings, fabrication of containers can begin during the project’s review and approval of shop 
drawings for the more complicated parts of the project, saving four weeks of time. Additionally, 
if container finishes can be prefabricated in advance of onsite installation, there will be overlap 
between fabrication and construction, saving another week. These overlaps are estimated to 
reduce the overall schedule by five weeks, bringing the structural schedule down to 23.5 weeks.  
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7.2.3 Schedule Comparison between Steel and Shipping Containers 
 Based on the productivity rates and information provided by Sunsteel, Hensel Phelps, 
Conexwest, and Falcon Structures, the construction team determined that the structural schedule 
for the steel structure would be quicker than the shipping container structural schedule by two 
weeks. The overall building schedule to final finishes for the shipping container structure would 
most likely be quicker than that of the steel structure. Though this cannot be confirmed without a 
fully built schedule, the steel structure requires traditional construction, where the construction 
site must be prepped prior to any construction beginning. On the other hand, the shipping 
containers can be simultaneously manufactured and prefabricated all the way to finishes while 
the site is being prepped. Once the site is ready, the shipping container modules can be 
assembled like LEGOs, and save the time it would have taken to install finishes onsite. While the 
decision to prefabricate finishes off site may increase the schedule for the structural portion of 
the project, it would decrease the overall project schedule of the building. Table 39 breaks down 
the comparison between each building materials’ schedule.  
 
Table 39: Comparison of structural schedule between building materials. The total times seen 
include estimated overlap. 
Schedule Milestone Steel Shipping Containers 
Preconstruction 10-11 weeks  12 weeks 
Fabrication 7 weeks 12 weeks 
Construction 4 weeks 3.5 weeks  
Total 21-22 weeks 23.5 weeks 
 
7.3. Site Logistics 
The project site is extremely long and narrow, which will provide great difficulty with 
material and equipment staging, installation, and general maneuverability on site. As it is located 
in the middle of a residential neighborhood and backs up to a local elementary school, noise and 
working-time constraints also apply to this project. Per San Jose Ordinance #2695487, 
87 See FN 11. 
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construction within 500 feet of a residential unit is restricted to 5-day work weeks, Monday 
through Friday from 7am to 7pm.  
The project’s general site logistics plan can be seen below in Figure 30. It includes a 
material lay down space located both at the front and back of the building, indicated in blue and 
pink. Equipment staging will be kept to a minimum, so there will only be a permanent tool crib 
located at the north-west corner of the building, indicated in green below. Onsite restrooms and a 
health and safety tent will also be located in the NW back corner, creating a central location for 
crew meetings and breaks. Due to the minimal space onsite, temporary equipment can be stowed 
in the garage laydown area, indicated in pink. At the front, indicated in yellow, will be the 
location for all material drop offs and deliveries. Material drop off is only on the south east side 
of the building to account for the parking ramp that will be located on the north east side of the 
building. Additionally, extra safety measures include two emergency exits through the north 
property line and a minimum of four fire extinguishers available throughout the lot, two inside 
the building and two outside of the building.  
 
 
Figure 30: General Site Logistics Plan.  
 
7.3.1 Steel Structure 
As previously mentioned, the steel structure will be erected in two phases. The first phase 
includes the erection of the concrete podium and steel in the back 88 feet of the lot and the 
second phase includes the erection of the concrete podium and steel in the front 104 feet of the 
lot. The concrete on metal decks will be poured once all of the steel is erected. Upon advice from 
King Crane Service and Bigge Equipment Co., a Terex T775, 75 ton mobile truck crane will be 
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used for this project. With the outriggers fully extended and 15,000 pounds of counterweight, the 
critical pick of the mobile crane occurs in Phase 2 with a 6800 pound beam with a boom length 
of 126 feet at a radius of 82 feet. When the outriggers are fully extended, the crane has a width of 
28 foot and a length of 48’-5”. During Phase 2, the general contractor will need to receive a 
permit from the City of San Jose in order to partially close the residential street since the crane 
will protrude by 15 feet from the site. The crane’s load chart and crane specifications can be 
found in Appendix F-8. Upon advice from Interstate Concrete Pumps, a 47 meter truck-mounted 
concrete pump will be used to pour the concrete on metal decks. The concrete pump is 42’-6” 
long and 29’-9” wide with fully extended outriggers. The concrete pump will be placed in the 
same spot as the crane in Phase 2. The concrete pump specifications can be found in Appendix 
F-8. Figure 31 shows the crane placement and crane radius for Phase 1 and Figure 32 shows the 
crane placement, crane radius, and concrete pump placement for Phase 2.  
 
 
Figure 31: Crane Placement and Crane Radius for Phase 1 of Steel Structure. 
 
 
Figure 32: Crane Placement, Crane Radius, Concrete Pump Placement for Phase 2 of Steel Structure. 
 
7.3.2 Shipping Container Structure 
The first phase of the shipping container construction includes the erection of the 
concrete podium and shipping containers in the back 96 feet of the lot and the second phase 
includes the erection of the concrete podium and shipping containers in the front 96 feet of the 
lot. This distance was chosen because it is the length of two installed 45 foot long hallway 
containers, and minimizes the distance the crane will need to carry the containers while only 
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having two concrete podium pours. Upon advice from Bigge Crane and Equipment Co., this 
project will use two cranes: a 265-Ton All Terrain Crane and a 100-Ton Hydraulic Truck Crane.  
With the outriggers fully extended and 48,500 pounds of counterweight, the critical pick 
of the heaviest lift of the Liebeherr LTM 1220-5.2 265-Ton crane occurs in Phase 2 with a 
16,800 pound, 45 foot container load with a boom length of 96 feet at a radius of 75 feet. When 
the outriggers are fully extended, the all-terrain crane has a width of 27’-3” and a length of 50’-
11”. The critical pick of the farthest reach of the all-terrain crane also occurs in Phase 2 with a 
9,800 pound 20 foot container. It will have a boom length of 104 feet at a radius of 92 feet. 
When the outriggers are fully extended, the crane has a width of 28 inches and a length of 48’-
5”. During Phase 2, the general contractor will need to receive a permit from the City of San Jose 
in order to partially close the residential street because the crane will protrude by 17 feet from 
the site. 
Using two cranes is a more economical choice because the 265-Ton crane with two extra 
truck counterweights is twice as expensive as the 100-ton crane, but is only needed for the 
installation of hallway containers placed further than 50 feet away from the base of the crane. 
Therefore, the 265 ton crane will be used for the back half of each phase, and the 100 ton crane 
will be used for the front half of each phase.  Additionally, because both cranes are easily and 
cheaply delivered and removed from site as they are mobile truck cranes, it will not be difficult 
to switch out the cranes compared to the amount of money saved. Time for this has been 
accounted for in the construction portion of the structural schedule. 
Due to lack of space and safety onsite, no shipping containers will be held onsite during 
construction. Shipping containers will be delivered by a semi-truck, where the crane will pick up 
the container directly off the truck and lift it into place on the building. Next, the shipping 
containers will be attached to the other containers already installed, and then its twistlocks will 
be locked into place. After, all MEPF tie ins into the container will be attached to the 
prefabricated MEPF of the container. Once a final check is completed, the crew will begin 
installing the next container. As the installation of the shipping container’s twistlocks and 
connecting the container to MEPF tie ins will take the most time during the installation sequence, 
there will be a one hour spacing between container arrivals. This delivery schedule will be 
coordinated with the shipping container fabricator.
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Chapter 8: Non-Technical Considerations 
8.1 Ethical Considerations 
This project’s primary ethical considerations include the importance of considering 
neighbor backlash, designing in order to maximize the number of units while still providing 
ample communal and programming space, and finally, providing the project’s stakeholders with 
high quality drawings and recommendations. All three considerations were evaluated using the 
ethical approaches of Virtue Ethics and Utilitarianism Ethics.  
Affordable housing and shelter projects seeking to build in a traditionally residential 
neighborhood often face backlash from current residents, who view high density structures for 
homeless individuals as detrimental to their neighborhood. This is important to consider, as 
Innovation Place, John Sobrato’s proposed temporary affordable housing project in Santa Clara, 
was shut down because the surrounding residents argued that the project infringed on their rights 
as neighbors. According to utilitarianism, the negative effects of high density homeless housing 
on neighbors must be considered and weighed against the positive benefits for the project’s 
occupants and LifeMoves. For the building to be ethical, its positive implications must outweigh 
its negatives. Therefore, to minimize these negative effects on neighbors, this project’s 
architectural design takes into consideration sight lines to minimize invasiveness into 
neighboring yards, matches the roof height of adjacent apartment buildings, and provides 40 
onsite parking spaces so occupant parking does not infringe on residential street parking. This 
will decrease the negative implications neighbors must endure, while still providing LifeMoves 
and the San Jose homeless population with the benefits of high density housing for individuals 
experiencing homelessness.  
In addition to the property’s neighbors, considerations were taken to balance the amount 
of communal space while providing enough adequately sized bedroom units that reflect the 
occupant’s unique needs. Providing the necessary amount of communal space for rehabilitation 
and special services programs is critical to return residents back to self-sufficiency and home 
ownership. This is the first core ethical purpose of LifeMoves and this project, while the second 
core ethical purpose is to provide the maximum amount of bedrooms to house as many homeless 
individuals and families as possible. These core ethical imperatives are in direct conflict with 
each other, and it was ultimately up to the design team how much communal space versus 
bedroom space to design. Considering virtue ethics emphasizes that ethical action should provide 
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for the positive development of the community, the design team was ethically obligated to not 
design for an overabundance of bedroom units, but instead design for an equally balanced 
amount of communal and bedroom space. In the design, Alternative 1 and Alternative 2 did not 
ethically balance the spaces. Upon reflection of the two designs, however, Alternative 3 was 
created and chosen for a final architectural design, providing the number of bedrooms requested 
by LifeMoves while supplying ample community space needed for residents to properly 
rehabilitate back to self-sufficiency.  
Finally, the design team has the ethical responsibility to provide all stakeholders with 
high quality and clearly communicated drawings and deliverables at the conclusion of this 
project. After the conclusion of this project, LifeMoves, HPC Architecture, and Ruth and Going 
Engineering (R&G) will continue the design and construction of Hester Gardens, potentially, 
based upon the design team’s deliverables. Virtue ethics mandate that these deliverables should 
be of high integrity and high transparency. This requires the design team to provide high quality 
engineering plans that adequately communicate the design while also providing clear hand 
calculations that include all assumptions, specifications, and standards that were used. This will 
only help improve LifeMoves, HPC, and R&G’s performance when they take over the project, 
help uphold and build SCU’s reputation, and build good habits for the design team. All three 
outcomes help the entire Santa Clara community act and grow to a higher potential, fulfilling the 
ethical imperative of the design team’s duty to its community.   
 
8.2 Environmental Considerations 
The purpose of an environmentally conscientious design is to reduce or eliminate current 
and future pollution, especially pollution caused by the implementation of an engineer’s own 
design. Within this project, the main environmental considerations included designing with 
alternative, sustainable structural building materials and designing to take advantage of natural 
wind patterns to cool the building.  
One of the first environmental considerations on this project was the importance of using 
renewable, environmentally friendly structural materials. A major component of this project was 
to analyze and compare both a traditional building material against an alternative, sustainable 
material. During the alternative analysis, a material’s environmental friendliness was part of the 
criteria for choosing both structural materials, the traditional and alternative sustainable. 
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Highlighting the environmental friendliness of the alternative material, shipping containers are 
100 percent renewable and capable building materials. Saved directly from landfills or retirement 
in shipping yards, structurally sound shipping containers provide both the shell, internal walls, 
and structural components necessary for a building. In conclusion, minimizing the waste 
generated by structural materials was a very important decision within this design, and resulted 
in using an especially renewable material that significantly decreased the project’s overall 
current and future waste. 
Additionally, engineers have the ability to take advantage of natural environmental 
processes to decrease associated costs of the building, such as airflow. The design team 
considered placing the building’s orientation to best take advantage of cool breezes native to San 
Jose. This would decrease necessary mechanical airflow and air conditioning, saving a large 
amount of energy and decreasing the associated pollutants with air conditioning. Unfortunately, 
the final architectural design did not efficiently design for wind. The project's layout, size, and 
city restrictions made it very difficult to provide the necessary amount of bedroom units and 
communal space while still orienting the building to efficiently use natural wind. In the end, 
achieving the number of bedrooms and communal space requested by LifeMoves was weighted 
as more important, and the building orientation could not be designed to best take advantage of 
natural breezes. It is important to note that natural cooling will still be considered as the design 
continues to develop, especially when designing the roof.  
 
8.3 Sustainability Considerations 
Sustainable engineering practices can be broken down into two parts: designing 
sustainable communities, and developing products and systems that are used within these 
sustainable communities. Both parts greatly influence one another, and both are controlled by a 
project’s design team. For the Hester Gardens design, its sustainability considerations included 
planning spatial flexibility within the floor plan and material choice, designing a high density, 
communal living building, and conducting a life cycle analysis between the traditional and 
sustainable, alternative materials.  
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The average lifetime of modernist buildings made from concrete and glass curtain walls, 
is 50 years88. After this lifetime, buildings are typically fully demolished if not majorly 
retrofitted because they cannot be adapted to their owner’s current needs, which creates a large 
amount of unnecessary waste and pollution. To avoid this needless waste, maintaining spatial 
flexibility within a building’s design is critical to developing a building with versatility, 
longevity, and resiliency to adapt to its owner’s current demands. Especially as LifeMoves’ 
needs will change as the homelessness crisis evolves over the years, spatial flexibility was one of 
the alternative analysis criteria used to determine the final architectural layout and ideal building 
materials. This criteria led to the creation of an open floor plan layout that is not limited by 
unmovable structural obstacles, made possible by the use of traditional steel over wood or 
concrete. This will help provide greater usefulness of the building to its owner, significantly 
decreasing the need for mass demolition, decreasing the amount of waste the building will create, 
and increasing the building’s useful lifetime and overall sustainability.  
The primary purpose of an engineer is to develop systems that work toward the 
development of sustainable communities. This includes educating the public on the need for 
sustainable design and providing research to back up the claims, proving sustainability can be 
achieved at a similar cost with the same structural integrity as traditional building materials. To 
corroborate this claim, the results from each building material’s life cycle analysis will be 
compared to determine whether shipping containers or steel is the more sustainable structural 
material over the lifetime of the building. This research will then become publicly published, 
educating and moving forward the discussion and public awareness of alternative, sustainable 
materials equal to traditional building materials.  
Finally, building sustainable communities includes designing for the efficient use of 
natural resources and decreasing waste by communities. High density housing decreases the 
amount of water, energy, air, building material needed while pollutes less than traditional single 
family housing. Additionally, if high density housing is developed close to downtowns and 
public transportation, they use less physical land space and decrease the amount of personal 
transportation needed, making them even more sustainable compared to standard alternatives. 
88 Rybczynski, W. (2015, July 22). SHORT LIFE. Retrieved December 5, 2019, from 
http://www.witoldrybczynski.com/architecture/short-life/. 
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Overall, high density housing takes advantage of sharing resources, space, and ideal locations 
with the entire community to efficiently and sustainably use necessary, local resources.  
 
8.4 Social Considerations 
Chronic homelessness is a serious issue affecting many individuals in the Bay Area. In 
order to combat this issue, the design team decided that the best way to address chronic 
homelessness and to make an impact on the community directly around them was to partner with 
an organization that provides services and/or housing for the homeless population in San Jose. 
For this reason, the design team partnered with LifeMoves. While speaking with Ms. Price, the 
client, it was decided that the best way to help the organization fulfill its mission was by doing 
the preliminary research and preliminary structural design for a previously purchased lot in San 
Jose, in which the organization would demolish the existing building and build a new state-of-
the-art interim housing facility.  
As highlighted in a study conducted by the Institute of Medicine, “short-term solutions 
will not resolve what has clearly become a long-term problem;” therefore, it is important that an 
interim housing facility is constructed rather than a homeless shelter89. Homeless shelters only 
provide temporary housing, and occasionally food, for homeless individuals on a night to night 
basis, whereas transitional housing or interim housing facilities provide more long-term housing, 
where occupants stay while being provided services that can help them obtain permanent 
housing as well as long term self-sufficiency. David Pirtle, “formerly homeless himself, now an 
advocate for the rights of people experiencing homelessness and mental illness” talks about his 
personal experiences with homelessness in an National Public Radio (NPR) interview called, 
“Why Some Homeless Choose The Streets Over Shelters”90. “There are a lot of big warehouses 
that are just places where we stick people at night and we really don't have any regard for how 
they live there”2. It is in these situations where safety is of utmost concern and problems such as 
stealing, drug abuse, and drug dealing become huge problems. When “you have a lot of people 
with a lot of problems, and ... you cram them all together, you just have one big problem”2. This 
is a huge reason why many people experiencing homelessness stay away from homeless shelters. 
89 Institute of Medicine (US) Committee on Health Care for Homeless People. Homelessness, Health, and Human 
Needs. Washington (DC): National Academies Press (US); 1988. 6, Summary and Recommendations. Available 
from: https://www.ncbi.nlm.nih.gov/books/NBK218243/ 
90 National Public Radio. (2012, December 6). National Public Radio. National Public Radio. Washington, D.C. 
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It is important to note that Hester Gardens is an interim housing facility, which will house one 
family or one individual for an extended period of time as they receive the services and resources 
to become self-sufficient. Each family or individual is paired with a case manager in which they 
will be provided social, health, career, and educational resources that promote long-term self-
sufficiency. It is extremely important to make this distinction before discussing other social 
considerations. 
Many of the preliminary architectural building layouts were designed with the 
characteristics of a homeless shelter in mind rather than an interim housing facility. It was 
quickly made apparent by our client that programming spaces, communal spaces, office spaces, 
and outdoor spaces must be integrated into the building, even if it came at the cost of decreasing 
the amount of bedrooms in the structure. In order to truly benefit its occupants, LifeMoves 
provides supportive services such as case managers, health care services, counseling, etc. to help 
residents get back on their feet; therefore it is imperative that the building include office spaces 
or private spaces where their residents could receive the help and privacy they need. 
Alongside safety, by speaking with Ms. Price and reviewing LifeMoves’ 
programming/services documents, it was apparent how important it was for individuals 
transitioning from homelessness to housing to feel comfortable within their community. This 
affects the building by the types of finishes and furniture that will eventually occupy the spaces. 
This affects the architectural design in terms of having open, breathable spaces within the 
building, this includes bedrooms, bathrooms, hallways, and communal spaces. The bedrooms’ 
main function is for tenants to sleep and keep their personal items safe. These bedrooms typically 
consist of a full/twin bunk bed, a dresser, and a wardrobe. Providing ample communal space for 
a kitchen, dining room, and living space will hopefully foster a sense of safety and community 
throughout the building.  
While it is important to take into consideration the social needs of Hester Gardens’ 
tenants, it is also very important to take into consideration the social concerns of neighbors. 
Many homeless shelters and interim housing facility projects in the Bay Area have been 
postponed or even shut down due to strong neighborhood concerns. As expressed by the 
developers of Innovation Place, a project that provides “200 units of affordable micro studios to 
individuals experiencing homelessness,” neighbors are extremely concerned about projects like 
these due to the potential increase in the “presence of encampments, tents, loitering, and/or 
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noise” in their neighborhoods91. Because Hester Gardens is an interim housing facility rather 
than a homeless shelter, the only people who will have access to the building and its services are 
its tenants; therefore, it is very unlikely that the Rose Garden neighborhood will see an influx of 
people experiencing homelessness in their neighborhoods. In order to appease the neighbors 
from a design standpoint, the final architectural building layout takes into account 45 degree 
sight lines for the neighboring one story buildings across the street.  
 
8.5 Political Considerations 
As previously mentioned, there are many neighborhood concerns and opposition towards 
the location of Hester Gardens. For LifeMoves, however, San Jose and specifically the Rose 
Garden area is an ideal location due to the large housing crisis in the area. The City of San Jose 
has implemented Envision San Jose 2040 as their general plan to accomplish various goals to 
improve the City. One of their major strategies is implementing Urban Villages which will 
“provide active, walkable, bicycle-friendly, transit-oriented, mixed-use urban settings.” 92  
Hester Gardens will comply with the 2040 plan by revitalizing an underutilized property 
with access to existing infrastructure. The current site is a 1950’s model of a 12-unit apartment 
complex. With plans to increase the number of living spaces in the same acreage, the project will 
increase the density of the site. This project utilizes the lot size by housing the greatest number 
under city planning restraints. By raising the density of the lot, Hester Gardens will also support 
transit use and increase the effectiveness of the Urban Village plan.  
The City of San Jose asks that the project allow for greater mobility of seniors and youth. 
This being said, the renovation will allow for increased ADA compliance while increasing the 
current resident occupancy. The location of the site, either 600 feet or a three minute walk to the 
nearest VTA bus stop is another benefit for the future residents.  
Hester Gardens will be designed to achieve neighborhood urban village status by 
integrating the building as both an office space for LifeMoves staff and living quarters for 
LifeMoves occupants. One concern presented in the Envision 2040 plan is the jobs to employed 
residents ratio. New developments in neighborhood urban village areas must plan for a small 
amount of housing growth capacity and a modest amount of job growth capacity. This is a 
91 Innovation Place. (2017). Retrieved December 5, 2019, from http://innovationplacesantaclara.com/faq/. 
92 Envision San Jose 2040. General Plan. (2018, December 18). City of San Jose. 
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challenge for the project since it will increase housing however, LifeMoves can provide 
opportunities for employment with its new office. 
 
8.6 Health and Safety Considerations 
From a big picture perspective, this project entails demolishing three structures built prior 
to 1950, meaning there is a potential that lead and asbestos were used in the construction and 
could be in the soil on the site. This would need to be mitigated by taking samples from the site 
and performing remediation in compliance with the 2016 California Building Code, CalGREEN, 
and the City of San Jose regulations. During remediation, demolition, and construction the entire 
site would need to be fenced off to protect the public from the hazards of an active construction 
site. Additionally, a SWPPP and dust mitigation plan will need to be created and approved to 
make sure construction is not polluting the waterways and the general public is not exposed to 
hazardous dust. Once the interim housing facility becomes operational there will be nearly no 
health and safety impacts to the neighborhood directly. This facility will not be operating as a 
soup kitchen, so there will not be anyone lingering on the street outside of the facility waiting to 
receive services. The residents themselves will need to qualify to live in the facility and will be 
generating additional walking and vehicle traffic on Hester Avenue as they come and go from 
their work. With the children’s play spaces being at the back of the lot, they will be protected 
from the street traffic while they are playing. This reduces the hazard to the neighborhood of 
having children playing in or near the streets.  
Moving away from the property itself and focusing on the hazards with the scope of the 
design, the design team was exposed to a minimal amount of health and safety risks as they were 
designing the structure and not building or conducting any tests. If the design team went  out to 
survey the site or conduct a traffic study, they would have been exposed to a few minor hazards. 
The first is vehicle traffic. While they will be on the sidewalk or within the property, moving 
vehicles will always pose a hazard to pedestrians; therefore, the team needs to always be aware 
of their surroundings and minimize work occurring in the street. When surveying the site, they 
had to be around the current residents, many of whom are mentally disabled, to some degree, so 
it was  best to notify residents, in advance, of any visits. This minimized the possibility of 
anyone acting out against the design team. From the structural design perspective, the team 
needed to do their due diligence in accurately determining design loads, member sizes, and 
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connection details so that the structure is safe to occupy and either meets or exceeds the 




Chapter 9: Recommendations for LifeMoves 
9.1 Site 
As mentioned earlier, LifeMoves requested that the design team use an urban village 
strategy to embody San Jose’s Envision 2040 plan. The urban village strategy applied to this 
project was the integration of residential and office space and the revitalization of the 
underutilized property. The proposal also brings in a high-density development in a central 
location that encourages the use of transit. The only drawback of this proposal was the inability 
to meet municipal zoning code in its current multiple resident district zoning. LifeMoves has the 
option to apply to rezone the property, but this type of development would be subject to 
significant community scrutiny. In the best interest of LifeMoves, the design team planned an 
alternative site plan to show the organization what was feasible in the eyes of the city planning 
department and neighborhood, while providing for their needs as best as possible.  
After consulting with a local planner, it was determined that a planned development (PD) 
permit for interim uses would be the most suitable and feasible rezoning by the City. The City of 
San Jose’s Municipal Code93 defines a PD district to be in place for this type of development in 
an attempt to encourage a variety of housing styles and densities. The Villas, another facility of 
LifeMoves in San Jose, CA, rezoned from a multiple residence to a planned development district 
as well. 
Upon approval by the City, the development will be allowed a mixed-use lot, where 
LifeMoves can operate with office space and residential facilities. The Santa Clara Valley Urban 
Runoff Prevention Program C.3 Guidelines94 were referenced in the building layout strategy and 
can be seen in Figure 30. The office and resident buildings are separate and clustered to reduce 
driveway length and minimize land disturbance. In an attempt to maintain the same area of office 
space as the design project, a 900 square foot building was planned for the front of the lot. This 
alternative plan proved to be economically conservative with adequate parking onsite while 
preserving the existing driveway. This eliminated the need for underground parking and the 
demolition costs of the existing drive aisle and a curb cut. The only drawback of this design in 
terms of LifeMoves’ needs was resident capacity. Since the building was designed to be two 
93 See FN 10. 
94 See FN 17. 
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stories tall (to fit in with the surrounding neighborhood) with the first floor all communal space, 
the second floor of 3,240 square feet limits the development to 16 units. 
 
 
Figure 33: A preliminary recommended alternative plan for LifeMoves.  
 
9.2 Building Comparison and Analysis 
9.2.1 Economic 
Only taking into consideration the structural system estimate, the design team estimated 
that a repurposed shipping container structure would cost $30.95 per square foot, a new shipping 
container structure would cost $38.12 per square foot, and a new steel structure would cost 
$29.63. The shipping container estimate includes installing opening reinforcements, container 
cutouts, corner connections, and erection and inspection costs. The steel structure estimate 
includes the material, fabrication, and erection of the steel framing and concrete on metal decks. 
When consulting with Conexwest and Falcon Structures, it was realized that finding 92 used, 20 
foot High-Cubes would be nearly impossible. Using new 20 foot High-Cube shipping containers, 
instead of used 20 foot shipping containers would drive up the cost of the shipping container 
structure from $29 to $34.  
 
9.2.2 Constructability 
Using a two phase erection sequence the containers are estimated to take an additional 
two weeks for preconstruction compared to steel. Under the assumption the containers are 
outfitted with all finishes fabrication would take 12 weeks, but if finishes are not preinstalled 
fabrication will only take three weeks. Structural steel falls in the middle of this range at 7 
weeks, but it is important to note that this time does not include the time it takes to construct the 
interior finishes and exterior skin. For the erection phase of the project, it will take 3.5 weeks to 
install the containers and four weeks to install the structural steel. Taking all of this into account 
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if interior finishes are preinstalled in the containers prior to erection, the shipping container 
structure’s construction time will be less than that of the steel structure.   
Given the extremely narrow characteristic of the site, a 75 ton mobile crane will be used 
for steel erection; whereas a 265 ton mobile crane will be used for the shipping container 
structure. Not only does this drive up the cost of the container structure, but the 265 ton mobile 
crane will also extend significantly into the road, which will cause concern from the city, making 
it harder to receive the necessary permitting.  
 
9.2.3 Concluding Recommendation 
The design and construction team recommends that this structure be constructed out of 
steel. While shipping containers are an environmentally friendly alternative and have the 
potential to significantly speed up the schedule, the steel structure is much more feasible and 
easier to construct given our site. Furthermore, there is already widespread industry knowledge 
regarding steel design and construction, which means less money and time will need to be spent 
during the permitting process. There are several other factors outside the scope of this project 
that LifeMoves should consider when making this decision; however, given the scope of this 
project, the physical constraints of the site, and LifeMoves’ budget, the design and construction 
team recommends that this structure be constructed out of steel.  
If LifeMoves did want to explore options regarding using shipping containers, it is 
recommended that they explore the possibility of acquiring containers at a reduced rate or as a 
donation from one of the large shipping organizations such as Cosco, Maersk, MSC, or 
Evergreen. This would drastically reduce the cost of the structure and would make up for 
extended time spent engineering the structure making this a better option than structural steel for 
this specific structure. It was concluded that while repurposed shipping containers are a viable 
option as a building material, it would not make the most sense for LifeMoves given their needs 
and site constraints.  
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Chapter 10: Conclusion 
10.1 Fulfilling Project Needs 
 At the start of this project, the design team sought to join the movement to end and 
prevent homelessness in the Bay Area in a new and innovative way. To accomplish this, they 
partnered with LifeMoves, a local NGO who serves the homeless population throughout the Bay 
Area. LifeMoves asked the design team to propose an engineering design and cost estimate for 
LifeMoves’ next temporary, interim housing facility, located in San Jose, to serve the South Bay 
homeless population. 
To provide LifeMoves with a design that reflected their unique economic and social 
needs, while also accounting for political challenges surrounding the project and site location, 
the team worked with many academic, professional, and governmental resources. The team also 
spoke with professionals who specialize in housing for homeless individuals, in order to design 
the unique needs the buildings tenants will have.  
At the end of the project, the design team provided LifeMoves with the following 
deliverables: a site development plan, architectural schematics, a structural design out of 
traditional steel, a structural design out of shipping containers, a construction management plan, 
and a cost and feasibility analysis between the two designs. In addition, the team also created an 
alternative project recommendation to provide LifeMoves with a building that may not fit all of 
their needs, but fits the requirements of the local zoning and would be approved by the city. The 
engineers hope that by providing both building proposals, LifeMoves will make an informed 
decision whether to develop 1759 Hester Ave, or move the proposed housing to a new location.  
 
10.2 Project Reflections 
While completing the design of this project, the team learned several lifelong lessons that 
they will take away with them, as well as, suggestions for engineers that would like to continue 
this project. For the architectural portion of the project, the design team learned the importance 
of an architect. None of the engineers on this project have architectural backgrounds or have 
even taken a class on architecture, so going through the process of creating a semi-code 
compliant architectural layout allowed the design team to develop a deep appreciation for 
architects.  
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For the planning and general civil portion of the project, the engineer learned the value of 
networking and developing relationships with city, county, and fire planning professionals. Most 
of her work required collaborating with these government entities over multiple meetings, 
allowing her to receive the guidance she needed.  
For the structural steel design portion of the project, the engineer wishes that he could 
have compared timber versus shipping containers. This would allow the engineers to get a 
holistic understanding and better comparison of a traditional residential building material to 
shipping containers. Furthermore, the structural steel design engineer would have liked to 
explore designing the steel structure without a concrete podium. With this, he could have looked 
at composite columns in the parking area, higher rated composite slabs and fireproofing coatings. 
This would have allowed more of the building to be designed and estimated. Similarly, the 
structural steel engineer would like to model the special braced frames and their connections in a 
computer software program to verify the accuracy of hand calculations. This was recommended 
by Tom Yates of Apex Engineering due to the complexity of the AISC Seismic Provisions. 
For the shipping container design portion of the project, the engineers learned that a 
shipping container structure is a viable building material and can save the owner significant time 
and money; however, given the size of the site, a shipping container structure would be difficult 
to construct. Another major lesson learned was check before you spec. While completing the 
construction management plans, the construction team learned that 20 foot High-Cube containers 
are quite rare, and getting 92 used 20 foot High-Cube shipping containers would be impossible; 
therefore, the design team, if they had more time, would redesign the building using widely 
available 40 foot High-Cube repurposed shipping containers instead.  
Lastly, while it would have been a long shot, it would have been helpful for each 
engineer to partner with an industry professional and work in an internship format with them to 
complete design work that could be approved and constructed.  
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Appendix A: Alternative Analysis Scorecard Rubric 
 
Table A1: The criteria rubric for the unit/building Layout alternative analysis. It describes the 
criteria and the associated qualifications for earning each point.  
Unit/Building Layout 
POINTS 3 2 1 
Number of Bedrooms 
Design with highest number 
of standard sized rooms 
permissible under CBC 2019 
and Envision 2040 
Design with 10 or less rooms 
than the optimal design 
Design with least number 
of standard sized bedrooms 
Office Space 
Office space meets or exceeds 
1000 sf 
Office space is 750 sf or 
more 
Office space is less than 
750 square feet 
Communal Space ( 
Kitchen, Dining Room, 
Living Space) 
Communal spaces meet or 
exceed the programmatic 
requirements used for 
similarly sized Life Moves 
Facilities 
2 or fewer communal spaces 
are not large enough or serve 
as multipurpose rooms for 
day to day programmatic 
needs 
2+ communal spaces are 
not large enough for the 
needs of Life Moves 
Outdoor Spaces 
Largest total area for outdoor 
spaces. Adults and Children 
have separate spaces where 
shade structures can be 
erected. Contains an isolated 
smoking area. 
Contains all of 3 but does not 
have the largest total area 
Contains all of 2 but some 
Adult, Kid, and Smoking 
spaces need to be shared. 
Dedicated Communal 
Space for Children 
(Play Space, Study 
Rooms) 
Contains two or more rooms 
dedicated for kids 
one room dedicated to kids 
use 
All kids rooms are shared 
with other spaces 
throughout the day 
Sight Lines into 
Neighboring Yards 
Building architecture works to 
minimize sight lines into 
adjacent properties across the 
street with higher floors 
further from the street. 
Structure is set back 10+ feet 
from the minimum required 
setback on the front of the 
lot. 
No attempt is made to 
reduce the sight lines into 
neighboring properties. 
Front of building is within 
10 ft of minimum setback 
across all floors. 
Bathroom 
100% of bathrooms can 
accommodate ADA or be 
converted to meet future 
mobility needs. Some RR 
designated for family use. 
Future flexibility of mobility 
needs considered and design 
includes current ADA and 
family considerations into 
design 
Current ADA requirements 
met without consideration 
for future needs/flexibility 
of life moves or families. 
Parking Spaces 
Number of parking spaces 
meets San Jose requirements 
including ADA spaces 
San Jose requirements met 
without consideration for 
ADA spaces 
Requirements not met, will 
require an exception from 
the city 
Hallway Width 
Hallways are the widest of all 
designs 
Hallway is 18" or less 
narrow than the widest 
design. 
Narrowest allowable 
hallway by CBC. 
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Table A2: The criteria rubric for the building material alternative analysis. It describes the 
criteria and the associated qualifications for earning each point.  
Building Material 
POINTS 3 2 1 
Knowledge Acquisition 
Required 
Minimal amount of research 
needed for design 
Undergraduate course taken 
but graduate course not 
taken yet Completely new subject 
Material Sustainability / 
Minimization of 
Environmental Impact - 
Material 
at least 50% of structural 
components typically are 
made out of recycled 
materials 
at least 25% of structural 
components typically are 
made out of recycled 
materials 
less than 25% of structural 
components typically are 
made out of recycled 
materials 
Cost 
Readily able to be 
prefabricated and has low 
labor needs for assembly on 
site. 
Moderate labor demands 
and some material 
preparation is typically done 
prior to delivery 
Labor intensive to construct 





Readily available in the Bay 
Area 
Must be shipped in or 
fabricated outside of the 
Bay Area 
Must be shipped in or 
fabricated outside of 
California 
Spatial Flexibility 
Minimal number of internal 
structural walls and columns 
are required allowing for the 
space to be easily 
reconfigured as needs change 
without modification to the 
primary structural system. 
50% or more of walls could 
be reconfigured without 
impacting the structural 
system. 
Future modifications to the 
architectural layout will 
require significant 
modifications to the 
primary and secondary 
structural systems. 
Information Availability 
SCU library has design 
resources available or 
advisors are able to provide 
resources/design guides for 
all supplemental information. 
Most information is easy to 
obtain, but some sources 
will be difficult to find. 
References are difficult if 
not impossible to find 
Knowledgeable Industry 
Connections/Advisors 
Already have connected with 
industry professionals or 
professors knowledgeable in 
this material 
Have industry professional 
connections who are willing 
to help, but have not met 
them yet. 
No connections with 
industry professionals 
knowledgeable using this 
material 
Susceptibility to Failure 
Due to Fire 
Material is not flammable and 
loses minimal strength under 
high temperature 
Material is fire resistant and 
loses some or all strength 
under sustained high heat 
Material requires fire 
retardant coatings and is not 
naturally resistant to fire. 
Full loss of strength under 
high heat. 
Construction Time for 
Structural Components 
on site Faster than average 
Average = timber 
construction prefabrication 
walls Slower than Average 
Labor/Equipment 
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B.1 ​Final Architectural Plans 
 
 
Figure B.1: ​Isometric, 3D ArchCAD model of building’s proposed architectural design. 
 
Figure B.2: ​Architectural layout of the ground level. Includes a parking garage on the right, a 






Figure B.3: ​Architectural layout of level two. Includes 29 residential rooms, communal and 
handicap accessible bathrooms, communal laundry facilities, a communal space on the left, and 
an occupied deck on the right. 
 
Figure B.4: ​Architectural layout of level three. Includes 25 residential rooms, communal and 
handicap accessible bathrooms, communal laundry facilities, a communal space on the left, and 




Figure B.5: ​Architectural layout of level three. Includes an occupied roof on the right half of the 
building, space for mechanical equipment on the left half of the building, and an emergency 
staircase on the left of the building. 
 
 






Figure B.7: ​Architectural layout of two single bedrooms sharing a door. Designed for large 
families (greater than 3). 
 
 












B.2 ​Architectural Plan of Proposed Alternative Project  
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C.1 General Civil Drawing Set 




















































C.2 Stormwater Evaluation Form 


















C.3 Flow-Through Planter Hydraulic Sizing 




C.4 Water Service Questionnaire 
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D.1 Structural Steel Drawing Set
GENERAL
1. STRUCTURAL NOTES ARE NOT INTENDED TO REPLACE SPECIFICATIONS. SEE
SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS. FOR INCONSISTENCIES
BETWEEN STRUCTURAL DRAWINGS, THE SPECIFICATIONS, AND ANY CODE OF
STANDARD PRACTICE, THE STRICTER REQUIREMENT SHALL APPLY, AND
THE ENGINEER SHALL BE NOTIFIED PRIOR TO PROCEEDING WITH THE
AFFECTED PORTION OF THE WORK.
2. STRUCTURAL CONSTRUCTION DOCUMENTS SHALL BE USED WITH OTHER CONSTRUCTION
DOCUMENTS, INCLUDING ARCHITECTURAL, M/E/P, AND SITE DOCUMENTS.
COORDINATE WITH THESE DOCUMENTS FOR LOCATIONS AND DIMENSIONS OF
OPENINGS, CHASES, INSERTS, REGLETS, SLEEVES, DEPRESSIONS, ETC., NOT
INDICATED ON THE STRUCTURAL DOCUMENTS. ALL DIMENSIONS AND
CONDITIONS, EXISTING AND NEW, SHALL BE FIELD VERIFIED. THE ENGINEER
SHALL BE NOTIFIED OF DISCREPANCIES PRIOR TO PROCEEDING WITH THE
AFFECTED PORTION OF THE WORK.
3. THE STRUCTURE IS DESIGNED TO BE SELF SUPPORTING AFTER THE BUILDING IS
COMPLETE. IT IS THE CONTRACTOR'S RESPONSIBILITY TO DETERMINE ERECTION
PROCEDURES AND SEQUENCE TO ENSURE STABILITY AND SAFETY DURING
CONSTRUCTION. THIS INCLUDES, BUT IS NOT LIMITED TO, THE ADDITION OF
SHEETING, SHORING, TEMPORARY BRACING, GUYS, AND TIEDOWNS. THE
CONTRACTOR SHALL PROVIDE SHORING AND BRACING NECESSARY TO PROTECT
EXISTING AND ADJACENT STRUCTURES.
4. SECTIONS AND DETAILS SHOWN ON ANY STRUCTURAL DOCUMENTS SHALL BE
CONSIDERED TYPICAL FOR SIMILAR CONDITIONS THAT DO NOT HAVE
A SPECIFIC SECTION INDICATED, AND SHALL BE PROVIDED AT NO ADDITIONAL
COST TO THE OWNER.
5. APPLICABLE FEDERAL, STATE AND MUNICIPAL REGULATIONS SHALL BE
FOLLOWED, INCLUDING THE FEDERAL DEPARTMENT OF LABOR OSHA.
6. THE CONTRACTOR IS RESPONSIBLE FOR LIMITING THE AMOUNT OF CONSTRUCTION
LOAD IMPOSED ON THE STRUCTURE. CONSTRUCTION LOADS SHALL NOT EXCEED
THE SPECIFIED DESIGN LIVE LOADS. CONCRETE SLABS AND TOPPINGS
SHALL NOT BE LOADED UNTIL THE CONCRETE HAS REACHED AT LEAST 75% OF THE
SPECIFIED DESIGN COMPRESSIVE STRENGTH.
7. THE CONTRACTOR'S CONSTRUCTION SEQUENCES SHALL ALLOW FOR THE EFFECTS OF
THERMAL MOVEMENTS DURING THE CONSTRUCTION PERIOD, PRIOR TO THE
BUILDING BEING ENCLOSED AND TEMPERATURE CONTROLLED. NEGATIVE EFFECTS
OF SUCH THERMAL MOVEMENTS, SUCH AS MATERIAL CRACKING, FROST HEAVE, ETC.,
SHALL BE CORRECTED BY THE CONTRACTOR AT NO ADDITIONAL COST TO THE OWNER.
8. IN THE ABSENCE OF SPECIFIC INSTRUCTIONS TO THE CONTRARY IN THE CONTRACT
DOCUMENTS, THE TRADE PRACTICES THAT ARE DEFINED IN ANY CODE OF STANDARD
PRACTICE SHALL GOVERN.
9. DO NOT SCALE DRAWINGS TO DETERMINE DIMENSIONS, LOCATIONS, OR SIZES OF
ANY ELEMENT.
1. EXISTING CONDITIONS INDICATED ARE OBTAINED FROM AVAILABLE SOURCES
EXISTING CONDITIONS
TO BE TRUE AND EXACT. CONTRACTOR(S) SHALL FIELD VERIFY EXISTING
(EXISTING DRAWINGS, FIELD SURVEYS, ETC.) AND ARE NOT GUARANTEED
CONDITIONS AND NOTIFY THE ENGINEER OF ANY DISCREPANCIES PRIOR TO
PROCEEDING WITH THE AFFECTED PORTION OF THE WORK.
STRUCTURAL DESIGN CRITERIA
1. DESIGN LOADS ARE IN ACCORDANCE WITH THE 2019 EDITION OF THE CALIFORNIA
BUILDING CODE (CBC) INCLUDING LOCAL CODES, WHERE APPLICABLE, AND THE
FOLLOWING STANDARDS:
ACI 318 - BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE
AISC 360 - SPECIFICATION FOR STRUCTURAL STEEL BUILDINGS
AISC 341 - SEISMIC PROVISIONS FOR STEEL BUILDINGS
ASCE 7 - MINIMUM DESIGN LOADS FOR BUILDINGS AND OTHER STRUCTURES









3. STRUCTURE LOADS ARE AS FOLLOWS. LIVE LOAD REDUCTIONS ARE NOT PERMISSIBLE.
STRUCTURE IS TO BE DESIGNED FOR SEISMIC LOADS. EOR TO VERIFY WIND LOADING DOES NOT
GOVERN FLOOR LOADS AND COMPONENT AND CLADDING LOADS. DEAD LOADS DO NOT INCLUDE








4. LATERAL LOADING (WIND LOADING AT ROOF TO BE IGNORED PER SPECS)
LOADS HAVE BEEN CONSIDERED WHERE APPROPRIATE.
5. DESIGN REACTIONS AND SUPPORT DETAILS FOR ELEVATOR, ARCHITECTURAL,
AVAILABLE MANUFACTURER INFORMATION. SUPPORT CONDITIONS MAY NEED TO
MECHANICAL, ELECTRICAL AND PLUMBING EQUIPMENT ARE BASED UPON




1. REINFORCED CONCRETE CONSTRUCTION SHALL CONFORM TO ACI 318.





3. CONCRETE PROTECTION FOR REINFORCEMENT:
CONCRETE CAST AGAINST AND PERMANENTLY
EXPOSED TO EARTH: 3 IN.
CONCRETE EXPOSED TO EARTH OR WEATHER:
NO. 6 THROUGH NO. 18 BARS:
NO. 5 BAR AND SMALLER:
2 IN.
1-1/2 IN.
CONCRETE NOT EXPOSED TO WEATHER OR IN CONTACT WITH GROUND:
SLABS, WALLS, JOISTS:
NO. 14 AND NO. 18 BARS 1-1/2 IN.
NO. 11 BAR AND SMALLER: 3/4 IN.
BEAMS, COLUMNS, PIERS:1-1/2 IN.
4. REINFORCING FOR ALL SLABS, BEAMS, AND COLUMNS TO BE COORDINATED WITH EOR AND MUST
MEET OR EXCEED THE MINIMUM REINFORCEMENT AS FOLLOWS:
WIRE MESH:
TYPICAL DETAILS APPLY AT ALL APPROPRIATE LOCATIONS.
2. TYPICAL DETAILS ARE GENERALLY NOT CUT ON THE PLANS.
1.
3. CONTRACTOR IS RESPONSIBLE FOR COORDINATING ALL TYPICAL DETAIL
2. SPREAD FOOTINGS SHALL BEAR ON UNDISTURBED SOIL OR COMPACTED
1. FOUNDATIONS ARE TO BE DESIGNED IN ACCORDANCE WITH THE GEOTECHNICAL
FOUNDATIONS
STRUCTURAL FILL HAVING A MINIMUM SAFE BEARING CAPACITY OF 1.65 KSF.
ENGINEER'S REPORT.
3. FOUNDATION CONCRETE SHALL BE NORMAL WEIGHT HAVING A MINIMUM 28
SPREAD FOOTINGS
DAY DESIGN COMPRESSIVE STRENGTH AS FOLLOWS:
4000 PSI
FOUNDATION SUBGRADE PREPARATION REQUIREMENTS
1. A GEOTECHNICAL ENGINEER, LICENSED IN THE JURISDICTION WHERE THE PROJECT
IS LOCATED, SHALL OBSERVE, REVIEW, AND APPROVE ALL WORK RELATED
TO EXCAVATION, BACKFILL, COMPACTION, SUBGRADE AND SUBBASE PREPARATION,
AND MATERIAL SELECTION.
2. THE BUILDING SITE SHALL BE STRIPPED OF ANY TOPSOIL, ORGANIC MATTER, VEGETATION
FILL MATERIALS, AND OTHERWISE UNSUITABLE OR SOFT SUBGRADE MATERIALS.
3. UNSUITABLE MATERIALS SHALL BE EXCAVATED DOWN TO RESIDUAL SOIL ELEVATIONS.
4. SOIL BEARING ELEVATIONS SHALL BE VERIFIED BY THE GEOTECHNICAL ENGINEER PRIOR
TO BACKFILLING EXCAVATIONS OR CONSTRUCTING FOUNDATIONS.
CONCRETE SLABS ON METAL DECK
1. CONCRETE SLABS ON METAL DECK SHALL BE NORMAL WEIGHT WITH A MINIMUM
28-DAY DESIGN COMPRESSIVE STRENGTH OF 4000 PSI.
2. CONCRETE SLABS ON METAL DECK SHALL BE FINISHED LEVEL, UNO,
MAINTAINING SPECIFIED MINIMUM SLAB THICKNESS. CONTRACTOR SHALL ALLOW
FOR ADDITIONAL CONCRETE OVER THE SPECIFIED MINIMUM TO ACCOUNT FOR METAL
DECK AND STRUCTURE DEFLECTIONS.
CONCRETE SLABS ON GRADE
1. GEOTECHNICAL ENGINEER SHALL OBSERVE AND APPROVE SUBGRADE BEFORE
CONCRETE PLACEMENT.
2. DO NOT PLACE CONCRETE SLABS ON FROZEN GROUND.
3. CONTROL JOINTS ARE REQUIRED IN CONCRETE SLABS. REFER TO PLANS AND
TYPICAL DETAILS FOR JOINT CONSTRUCTION AND LOCATIONS.
4. COORDINATE LOCATIONS AND DIMENSIONS OF RECESSED SLABS.
6x6-W2.9 x W2.9 WWF. REINFORCING SHALL BE
SUPPORTED AT MID-DEPTH OF SLAB.
5. WELDING, WELDING ELECTRODES AND FLUXES SHALL CONFORM TO AWS D1.4
"STRUCTURAL WELDING CODE - REINFORCED STEEL". ELECTRODES SHALL
HAVE A MINIMUM TENSILE STRENGTH OF 70 KSI. ASTM A706 BARS OR DBA'S
SHALL BE USED IN ALL WELDED APPLICATIONS.
2. CONCRETE REINFORCING SHALL CONFORM TO THE FOLLOWING DESIGNATIONS:
DEFORMED BARS
STRUCTURAL STEEL
1. STRUCTURAL STEEL SHALL CONFORM TO THE FOLLOWING DESIGNATIONS:
STRUCTURAL STEEL WF SHAPES ASTM A992
OTHER STRUCTURAL STEEL SHAPES ASTM A36, UNO
STEEL BARS, ANGLES AND PLATES ASTM A36, UNO
SQUARE,RECTANGULAR AND ROUND HSS ASTM A500, GRADE C





ASTM F1554, GRADE 36
3. WELDING, WELDING ELECTRODES, AND FLUXES SHALL CONFORM TO AWS D1.1
4. GROUT UNDER STEEL COLUMN OR POST BASE PLATES SHALL BE NONMETALLIC,
"STRUCTURAL WELDING CODE - STEEL". ELECTRODES SHALL HAVE A MINIMUM
TENSILE STRENGTH OF 70 KSI.
SHRINKAGE-RESISTANT GROUT CONFORMING TO ASTM C1107 HAVING A MINIMUM
DESIGN COMPRESSIVE STRENGTH OF 5000 PSI.
5. HIGH STRENGTH BOLTED CONNECTIONS SHALL BE TIGHTENED TO THE SNUG-
6. HIGH-STRENGTH BOLTS IN MOMENT CONNECTIONS (MOMENT PLATES AND SHEAR
TIGHT CONDITION, UNO.
CONNECTIONS) SHALL BE SLIP CRITICAL, UNO, AND SHALL BE TIGHTENED IN
ACCORDANCE WITH ONE OF THE METHODS LISTED IN RCSC'S "SPECIFICATION FOR
STRUCTURAL JOINTS USING USING ASTM A325 OR A490 BOLTS".
7. HIGH STRENGTH BOLTS IN CONNECTIONS USED FOR KICKERS AND BRACING
MEMBERS THAT ARE FABRICATED WITH SLOTTED HOLES SHALL BE SLIP-
TENSIONED.
CRITICAL. IF STANDARD HOLES ARE USED, BOLTS SHALL BE FULLY PRE-
8. PROVIDE COLUMN CAP PLATES AS FOLLOWS, UNO:
FOR DECK BEARING: 1/4" THICK (PROVIDE WHERE BEAMS DO NOT
FRAME INTO BOTH SIDES OF WEB.)
FOR BEAM BEARING: SEE TYPICAL DETAILS, 3/4" THICK MIN.
FOR MOMENT CONNECTIONS: SEE TYPICAL DETAILS.
9. PRIOR TO DETAILING CONNECTIONS FOR STRUCTURAL STEEL, THE STEEL
FABRICATOR SHALL SUBMIT FOR APPROVAL REPRESENTATIVE DETAILS FOR EACH
TYPE OF PROPOSED STRUCTURAL CONNECTION. SUCH DETAILS SHALL INDICATE
DESIGN CAPACITIES. AFTER APPROVAL, THE CONNECTIONS SHALL BE INCORPORATED
INTO SHOP DRAWINGS.
MECHANICAL ROOFTOP EQPT CURBS, OPENINGS & ROOF ACCESS
1. COORDINATE SIZES AND LOCATIONS OF CURBS AND OPENINGS WITH MECHANICAL
DRAWINGS AND MECHANICAL CONTRACTOR AND ROOF ACCESS OPENINGS WITH
ARCHITECTURAL DRAWINGS. CURBS AND OPENINGS SHALL BE CENTERED BETWEEN
AND ACROSS NEW AND EXISTING ROOF MEMBERS.
2. ALL ROOF JOISTS AND TRUSSES SHALL BE REINFORCED FOR
OFF-PANEL POINTS LOADS ACCORDING TO TYPICAL DETAIL.
3. RE-USE EXISTING OPENINGS WHERE POSSIBLE.
1. METAL DECKING SHALL CONFORM TO THE FOLLOWING DESIGNATIONS:
METAL DECKING
COMPOSITE FLOOR DECK ASTM A653, GRADE 40
2. SPECIFIED COMPOSITE FLOOR DECK HAS BEEN DESIGNED AS UNSHORED
IN CONSTRUCTION. DESIGN SHORING TO SUPPORT APPLICABLE CONSTRUCTION
LOADS.
PRESSURE
0 - 19' 6"
19' 6" - 32' 6"
32' 6" - 45' 6"






0 - 39' 0"
39' 0" - 52' 0"
6.7 PSF
7.2 PSF











SEISMIC LOADS ARE AS SHOWN IN TABLE BELOW. LOADS ARE APPLICABLE
IN BOTH LONGITUDIONAL AND TRANSVERSE DIRECTIONS.
WIND LOADS ARE AS FOLLOWS. LOADING AT ROOF TO BE IGNORED PER SPECS.
ALLOWABLE SLIDING RESISTANCE OF (160 PSF X D X A) < 0.5 x DL
LATERAL BEARING CAPACITY OF 150 PSF/FT BELOW NATURAL GRADE










































AMERICAN INSTITUTE OF STEEL CONSTRUCTION
AMERICAN NATIONAL STANDARDS INSTITUTE
APPROXIMATELY
ARCHITECTURAL or ARCHITECT
AMERICAN SOCIETY OF CIVIL ENGINEERS
AMERICAN SOCIETY OF MECHANICAL ENGINEERS

















































NORMAL WEIGHT CONCRETE (HARDROCK)
ORDINARY CONCENTRIC BRACED FRAME
OPENING
OPEN WEB STEEL JOIST
PARTIAL PENETRATION (WELD)
POUNDS PER SQUARE FOOT
POUNDS PER SQUARE INCH






























































SPECIAL CONCENTRIC BRACED FRAME
SECTION
STRUCTURAL ENGINEER OF RECORD
SIMILAR









DENOTES DUCT OR PIPE OPENING IN BEAM WEB
C OPNG.L
 DENOTES STEEL SPECIAL CONCENTRIC BRACED FRAME
 DENOTES STEEL SPECIAL MOMENT RESISTING FRAME
STEEL GRAVITY MOMENT CONNECTION BEAM TO BEAM
BEAM TO BEAM MOMENT CONNECTION.
STEEL GRAVITY MOMENT CONNECTION TO
COLUMN
STEEL BEAM TO COL.




STEEL DECK TYPE & SPAN ORIENTATION
BOTTOM FLANGE ANGLE BRACE W/ LOW SIDE AT ARROW HEAD SIDE


























































































































































































































SCALE: 18" = 1'-0"
LEGEND
















1. ALL CONCRETE FOOTINGS, BEAMS, COLUMNS, AND SLABS TO BE DESIGNED BY
ENGINEER OF RECORD.
2. FOOTING DESIGN TO BE CONDUCTED BY GEOTECHNICAL ENGINEER AND TAKE
INTO ACCOUNT SURVEYED SITE SOIL CONDITIONS

























































































































SCALE: 18" = 1'-0"
LEGEND
















1. ALL CONCRETE FOOTINGS, BEAMS, COLUMNS, AND SLABS TO BE DESIGNED BY
ENGINEER OF RECORD.
2. FOOTING DESIGN TO BE CONDUCTED BY GEOTECHNICAL ENGINEER AND TAKE
INTO ACCOUNT SURVEYED SITE SOIL CONDITIONS
3. ENGINEER DESIGNING CONCRETE TO DESIGN COLUMN BASE PLATES AND ALL
























































































































































































































































































1. SOMD REINFORCING AND BENT PLATES/PENETRATIONS TO BE DESIGNED BY
ENGINEER OF RECORD.
2. SKIN SYSTEM AND STAIR LOADS ON STRUCTURE ARE TO BE COORDINATED
WITH ENGINEER OF RECORD. CONNECTIONS TO STRUCTURE ARE NOT TO
INDUCE MOMENTS ON CONNECTING MEMBERS.




























































































































































































































































































1. SOMD REINFORCING AND BENT PLATES/PENETRATIONS TO BE DESIGNED BY
ENGINEER OF RECORD.
2. SKIN SYSTEM AND STAIR LOADS ON STRUCTURE ARE TO BE COORDINATED WITH
ENGINEER OF RECORD. CONNECTIONS TO STRUCTURE ARE NOT TO INDUCE
MOMENTS ON CONNECTING MEMBERS.
3. ENGINEER OF RECORD TO DESIGN KICKERS AT BRACED FRAMES.
4. ROOF SCREEN NOT SHOWN TO BE DESIGNED BY ENGINEER OF RECORD.
5. MEPF ENGINEER TO COORDINATE CURBS, PADS, OR OTHER SUPPLEMENTAL












































































































































































24' 24' 24' 16' 16' 24' 24' 8' 16'
NOTES:
1. SOMD REINFORCING AND BENT PLATES/PENETRATIONS TO BE DESIGNED BY
ENGINEER OF RECORD.
2. SKIN SYSTEM AND STAIR LOADS ON STRUCTURE ARE TO BE COORDINATED
WITH ENGINEER OF RECORD. CONNECTIONS TO STRUCTURE ARE NOT TO
INDUCE MOMENTS ON CONNECTING MEMBERS.
3. ENGINEER OF RECORD TO DESIGN BRACES FOR PENTHOUSE STRUCTURES.
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641 2 3 5
8' 10' 10' 10' 10'
SCBF - 02



































































































































4" PLATE ASTM A572 GR.502'-634"
W.P.
W.P.



































COMPRESSIBLE FOAM OR FILLER
MATERIAL TO BE APPROVED BY SEOR
5

































8" x 4.75" x 29.5" PLATE
ASTM A572 GR.50
BOTH SIDES































































































































1. ALL BOLTED CONNECTIONS AT COLLECTORS AND FRAMES SHALL USE 3/4"DIA.
A325 BOLTS. FOR NO. OF BOLTS AT EACH ROW SEE SCHEDULE .
SHEAR TABS
 T PLATE     SECTION   WELD SIZE  #34" BOLTS
  1/8"              W12X14         1/8"                2
  1/8"              W14X22         1/8"                2





1. ALL COLUMN HEIGHTS TO BE DETERMINED FROM ELEVATIONS AND COORDINATED WITH CONCRETE PODIUM SEOR.
COLUMN SCHEDULE
 ID #             SECTION   GLS
  C1              W8x13         I1,I4,I6
  C2              W8x31         D4,E4
  C3              W8x40         B4,G4
  C4              W8x24         A1,A4,A6,B1,B6,E1,E6,H1,J1,J6
  C5              W12x190     C1,C4,C6,D1,D6,F1,F4,F6,G1,G6,H4,H6












































Design of Composite Beams under Gravity Loads 
 
Loads: CBC 2019 EQN 16-2,16-3 
   
 






See attached specification from ASCSD for deck selection with 184 psf 
factored load at maximum span of 10 ft 
Section Profile of Metal Deck 
 
    
 
D.2 Composite Beam Calculations
D-12
 Layout of Gravity Members 
LVL3 BEAM NUMBERING 
 ROOF BEAM NUMBERING 
 
***NOTE: BEAMS AND COLUMNS THAT ARE PART OF BRACED FRAMES WERE 
INCREASED IN SIZE DUE TO CARRYING GRAVITY AND LATERAL LOADS **** 
Design Criteria: 
1. Unshored construction 
2. Type 2 with minimum 1 Hour Floor Fire Rating 
3.  
4. <24 inches 










(Assummed weight of steel beams) 








(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  







AISC 360 F2-1 
 








 Composite Section Design 





Checks of Requirements per AISC 360-16 Chapter I 
Compressive Strength of Concrete 
 
Height of Metal Deck Ribs 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 
Min required concrete cover for fire rating = 2 in (governs) 
 
D-16
 Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 
Max Steel Tension 







Required Number of Shear Studs 
(ASIC 360 I8.2a) 
    
 


















(Assummed weight of steel beams) 








(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  







AISC 360 F2-1 
 









Composite Section Design 





Checks of Requirements per AISC 360-16 Chapter I 
Compressive Strength of Concrete 
 
Height of Metal Deck Ribs 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 




Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 
Max Steel Tension 







Required Number of Shear Studs 
(ASIC 360 I8.2a) 
    
 

















(Assummed weight of steel beams) 








(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  







AISC 360 F2-1 
 








 Composite Section Design 





Checks of Requirements per AISC 360-16 Chapter I 
Compressive Strength of Concrete 
 
Height of Metal Deck Ribs 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 
Min required concrete cover for fire rating = 2 in (governs) 
 
D-26
 Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 
Max Steel Tension 







Required Number of Shear Studs 
(ASIC 360 I8.2a) 
    
 












 BEAM #7 COMPOSITE BEAM DESIGN 
Design Criteria: 
1. Unshored construction 
2. Type 2 with minimum 1 Hour Floor Fire Rating 
3.  
4. <24 inches 








(Assummed weight of steel beams) 










(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  






AISC 360 F2-1 
 









Composite Section Design 





Checks of Requirements per AISC 360-16 Chapter I 




Height of Metal Deck Ribs 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 
Min required concrete cover for fire rating = 2 in (governs) 
 Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 











Required Number of Shear Studs 
(ASIC 360 I8.2a) 
    
 










 BEAM #8 COMPOSITE BEAM DESIGN 
Design Criteria: 
1. Unshored construction 
2. Type 2 with minimum 1 Hour Floor Fire Rating 
3.  
4. <24 inches 








(Assummed weight of steel beams) 










(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  






AISC 360 F2-1 
 









Composite Section Design 





Checks of Requirements per AISC 360-16 Chapter I 
Compressive Strength of Concrete 
 
D-36
 Height of Metal Deck Ribs 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 
Min required concrete cover for fire rating = 2 in (governs) 
 Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 
Max Steel Tension 
 
D-37







Required Number of Shear Studs 
(ASIC 360 I8.2a) 
    
 











BEAM #9 COMPOSITE BEAM DESIGN 
Design Criteria: 
1. Unshored construction 
2. Type 2 with minimum 1 Hour Floor Fire Rating 
3.  
4. <24 inches 








(Assummed weight of steel beams) 










(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  






AISC 360 F2-1 
 









Composite Section Design 





Checks of Requirements per AISC 360-16 Chapter I 
Compressive Strength of Concrete 
 
D-41
 Height of Metal Deck Ribs 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 
Min required concrete cover for fire rating = 2 in (governs) 
 Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 
Max Steel Tension 
 
D-42







Required Number of Shear Studs 
(ASIC 360 I8.2a) 
    
 











BEAM #12 COMPOSITE BEAM DESIGN 
Design Criteria: 
1. Unshored construction 
2. Type 2 with minimum 1 Hour Floor Fire Rating 
3.  
4. <24 inches 








(Assummed weight of steel beams) 










(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  






AISC 360 F2-1 
 









Composite Section Design 





Checks of Requirements per AISC 360-16 Chapter I 
Compressive Strength of Concrete 
 
D-46
 Height of Metal Deck Ribs 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 
Min required concrete cover for fire rating = 2 in (governs) 
 Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 
Max Steel Tension 
 
D-47







Required Number of Shear Studs 
(ASIC 360 I8.2a) 
    
 
















(Assummed weight of steel beams) 








(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  







AISC 360 F2-1 
 








 Composite Section Design 
Occupied structure load demands 
(Residential) 




 Checks of Requirements per AISC 360-16 Chapter I 
Compressive Strength of Concrete 
 
Height of Metal Deck Ribs 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 
Min required concrete cover for fire rating = 2 in (governs) 
 
D-51
 Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 
Max Steel Tension 







Required Number of Shear Studs 
(ASIC 360 I8.2a) 
    
 


















(Assummed weight of steel beams) 
Precomposite Beam Design (Concrete has not fully cured) 
      
 
 






(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  
D-54
 






AISC 360 F2-1 
 









Composite Section Design 








Checks of Requirements per AISC 360-16 Chapter I 
Compressive Strength of Concrete 
 
Height of Metal Deck Ribs 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 
Min required concrete cover for fire rating = 2 in (governs) 
D-56
 
 Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 
Max Steel Tension 







Required Number of Shear Studs 
(ASIC 360 I8.2a) 




















(Assummed weight of steel beams) 
Precomposite Beam Design (Concrete has not fully cured) 
      
 
 






(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  
D-59
 






AISC 360 F2-1 
 









Composite Section Design 








Checks of Requirements per AISC 360-16 Chapter I 
Compressive Strength of Concrete 
 
Height of Metal Deck Ribs 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 
Min required concrete cover for fire rating = 2 in (governs) 
D-61
 
 Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 
Max Steel Tension 







Required Number of Shear Studs 
(ASIC 360 I8.2a) 




















(Assummed weight of steel beams) 
Precomposite Beam Design (Concrete has not fully cured) 
      
 
 






(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  
D-64
 






AISC 360 F2-1 
 









Composite Section Design 








Checks of Requirements per AISC 360-16 Chapter I 
Compressive Strength of Concrete 
 
Height of Metal Deck Ribs 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 
Min required concrete cover for fire rating = 2 in (governs) 
D-66
 
 Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 
Max Steel Tension 







Required Number of Shear Studs 
(ASIC 360 I8.2a) 




















(Assummed weight of steel beams) 








(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  







AISC 360 F2-1 
 








 Composite Section Design 





Checks of Requirements per AISC 360-16 Chapter I 
Compressive Strength of Concrete 
 
Height of Metal Deck Ribs 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 
Min required concrete cover for fire rating = 2 in (governs) 
 
D-71
 Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 
Max Steel Tension 







Required Number of Shear Studs 
(ASIC 360 I8.2a) 
    
 












Design of Columns for Gravity Loads 
***See Column Schedule on Sheet S9 in APP. D1 for Column Group Locations*** 
COLUMN 1 GROUP 




(Corner of Roof) 
Governing Load Combo: 1.2D+1.6LL (CBC 2019 1605.2) 
 
 Capacity Connections are pinned pinned, therefore from 
AISC 360 appendix 7, K values of 1.0 are assumed. 






Choose Suitable Section - Non SLENDER by AISC 360 Table 6-2 
   
   
 
  










Summary: Use W8X24 all the way up. 
D-75
 
COLUMN 2 GROUP 






(Half of Roof) 
Load Combo: 1.2D+1.6LL (CBC 2019 1605.2) 
 
 Capacity Connections are pinned pinned, therefore from 
AISC 360 appendix 7, K values of 1.0 are assumed. 







Choose Suitable Section - Non SLENDER by AISC 360 Table 6-2 
   
   
 
  






W8X24 OKAY all the way up 
D-76
 
COLUMN 3 GROUP 










Connections are pinned pinned, therefore from 
AISC 360 appendix 7, K values of 1.0 are assumed. 
After all members are chosen, Ks will be checked at 




Choose Suitable Section - Non SLENDER by AISC 360 Table 6-2 
   
   
 
  






W8X40 OKAY all the way up 
D-77
 
COLUMN 4 GROUP 










Connections are pinned pinned, therefore from 
AISC 360 appendix 7, K values of 1.0 are assumed. 
After all members are chosen, Ks will be checked at 
the end.   
  
 
Choose Suitable Section - Non SLENDER by AISC 360 Table 6-2 
   
   
 
  






W8X31 OKAY ALL THE WAY UP 
D-78
 
COLUMN 5 GROUP 






Load Combo: 1.2D+1.6LL (CBC 2019 1605.2) 
 
 Capacity Connections are pinned pinned, therefore from 
AISC 360 appendix 7, K values of 1.0 are assumed. 
After all members are chosen, Ks will be checked at 
the end.   
  
 
Choose Suitable Section - Non SLENDER by AISC 360 Table 6-2 
   
   
 
  







W8X24 OKAY ALL THE WAY UP 
D-79
 
COLUMN 6 GROUP 




Load Combo: 1.2D+1.6LL (CBC 2019 1605.2) 
 
 Capacity Connections are pinned pinned, therefore from 
AISC 360 appendix 7, K values of 1.0 are assumed. 





Choose Suitable Section - Non SLENDER by AISC 360 Table 6-2 
   
   
 
  







W8X13 OKAY ALL THE WAY UP 
D-80
 Global Variable Definitions 




   
  







Design of Braced Frame Members (2 Floor Inverted Chevron GL C-D) 
ASCE 7-16 Table 12.2-1 ATC Hazards Report 
     Design Loads Extracted from Etabs Model 
   
(LVL 2-3) 
   
(LVL 3-Roof) 




Determine if Wind or Seismic Governs design of Steel Braced Frames  





 Seismic Forces Extracted from eTabs model force at each level is for ONE brace frame 
ONLY. Multiply sum by # frames in that 
direction to compare to wind loading  
 
 > Seismic Governs Brace Design 
 
(Base shear for steel portion of one braced frame) 
D.4 Special Concentric Braced Frame Calculations
D-82
 Chevron Brace Dimensions 
 
  
SCBF Brace Design @ Level 2 
 
(Assume small displacements in frame) 
ASTM A500 Gr.C steel (AISCM Table 2-4) 
  Maximum Factored Loads (ASCE 7-16 2.3.6) 
 
 Unbraced Length (Length between work-points) 
 
Select Member to Try based on Compression  
 






Brace Width-Thickness (AISC 341 Table D1.1) 
 
 
< Section is Seismically Compact. OK 
D-83
 Brace Slenderness 
 
 
<200 Ok per AISC 341 F2.5b(1) 








Brace Compression Capacity (AISCM Table 4-4) 
 
 
<   OK! 




<   OK! 
SCBF Brace Design @ Level 3 




 Unbraced Length (Length between work-points) 
 
Select Member to Try based on Compression  






Brace Width-Thickness (AISC 341 Table D1.1) 
 
 




<200 Ok per AISC 341 F2.5b(1) 









 Brace Compression Capacity (AISCM Table 4-4) 
 
 
<   OK! 




<   OK! 
Summary: 
LVL 2 use HSS 7 x 7 x 0.500 
LVL 3 use HSS 5 x 5 x 0.375 
Expected Tension (AISC 341 F2.3) 
 
(AISC 341 Table A3.1) 
 







Expected Compression and Post-Buckling Capacity 
 
(AISC 341 F2.3) 
 
 








Column Design ASTM A992 Steel (W-section in strong axis bending) 
   
(AISCM Table 2-4) 
   
(From eTabs and does not 
include ) 
Column Compression and Tension Above Base 
 




Column Force Due to Expected Brace Strength 
 
 
Force From Elastic Analysis 
  





(P-delta effects are negligable do not increase elastic analysis loading) 
Select Column Size for Compression (AISCM Table 4-1a) 
 
Choose Suitable Section - Non SLENDER 
  
 
(AISC 341 Table A3.1) Unbraced Length = 12ft 
D-89
 Check Section Width-Thickness (AISC 341 Table D1.1) 
 
 
btratio<  Section is Seismically Compact 
Check Capacity 
 
(AISCM Table 4-1a) 
 






Use W12x190 Columns A992 Steel @ Brace 
Roof SCBF Beam Design (Composite Construction) 
   
(ASTM A992 Steel) 
 Design Criteria: 
1. Unshored construction 
2. Type 2 with minimum 1 Hour Floor Fire Rating 
3.  
4. <24 inches 









(Assummed weight of steel beams) 








(AISC Design Guide 3 P.49) 
 
Select Section to Use from AISC 360 Table 3-3 with I>  







AISC 360 F2-1 
 








 Composite Section Design 





Checks of Requirements per AISC 360-16 Chapter I 
Compressive Strength of Concrete 
 
Height of Metal Deck Ribs 
 
 
Stud Properties (3/4" DIA ASTM A108) 
 
 Min required concrete cover = 1/2 in 
Min required concrete cover for fire rating = 2 in (governs) 
  
D-93
 Slab Effective Width 
 
Mn (ASSUME CONCRETE IN FLUTRES DOES NOT CONTRIBUTE TO FLEXURAL CAPACITY) 
 Maximum Concrete Compression 
 
 Max Steel Tension 







Required Number of Shear Studs 
(ASIC 360 I8.2a) 
    
 











LVL3 SCBF Beam Design (NON-Composite) 




(Beam to be braced at midspan per AISC 341 F2.4b.b, Composite Slab 
Provides Sufficent Bracing) 
 
(ASTM A992 Steel) 










 Shear and Moment Capacity of Beam 
 
Upsize Beam To A Suitable Section 
 
 
>   OK! (AISCM Table 6-2) 
 
>   OK! 
 
>   OK! 
P-  Effects - DO NOT INCREASE EXPECTED BRACE STRENGTH FOR SCBF 
Combined Loads (AISC 360  H1.1) 
 
<0.2 Use EQN H1-1b 
 






BRACE TO COLUMN CONNECTION IN BRACED FRAME BETWEEN GL C TO D AT LVL 3. 







FROM BRACED FRAME DESIGN 
CALCULATIONS FOR LEVEL 3 
USING LRFD 
  














ASTM A572 Gr.50 
ASTM A500 Gr.C    
  
  
D.5 Brace to Column Connection
D-98
 
Determine Required Length of Weld along HSS  
Assume thickness of the HSS will govern weld. 
Weld Size Limits from AISC 360 Chapter J,  Section J2.2b 
Min Weld Size (Table J2.4) 
Thinner Part joined = 0.465" so Dmin=3/16"=.1875 





For Fillet weld,  in shear, 
from Table J2.5 and Section 
J2.4 
 Divide over 4 areas assuming gusset is slotted into HSS 
 
USE 13" LONG 3/8" FILLET 
WELD BOTH SIDES 
CHECK TENSILE YIELDING ON BRACE GROSS SECTION 
  
 
AISC 360 EQN D2-1 
  
Brace Block Shear and Shear Lag Fracture 
Brace Wall Rupture at Weld 
   
 
 












(AISC 341 13.3c) 
  Add Reinforcement Plates over Slotted Portion of Brace 
 
Cross sectional area of plate 
required on each side of 
brace 
**Reinforcing Plate is Designed to be Narrower Than the Flat Width of the HSS*** 
Assume thickness of the HSS will govern weld. 
Weld Size Limits from AISC 360 Chapter J,  Section J2.2b 
Min Weld Size (Table J2.4) 
Thinner Part joined = 0.465" so Dmin=3/16"=.1875 










For Fillet weld,  in shear, 
from Table J2.5 and Section 
J2.4 
Check Increased Shear Lag Capacity 
 
 
(AISC 360 Table D3.1) 
  




(AISC 341 13.3c) 
  




AISC 360 EQN J4.1 
  CHECK GUSSET PLATE FOR COMPRESSION BUCKLING ON WHITMORE SECTION 
The available compressive strength of the gusset plate based on the limit state of flexural 
buckling is determined from AISC Specification Section J4.4, using an effective length factor, K, 









> 25 so Chapter E applies 
 
AISC 360 EQN E3-4 
 
 
< 2.25 so use equation E3-2 (AISC 360 E3) 
 
AISC EQN 3-2 
 
AISC EQN 3-1 using whitmore area 
  





 GUSSET CONNECTION NORMAL 
 
AISCM EQ 13-2 
 
AISCM EQ 13-4 
 
VERIFY FORCE EQUALITY 
 
GUSSET CONNECTION SHEAR 
 
AISCM EQ 13-3 
 
AISCM EQ 13-5 
 








CHECK GUSSET ALONG BEAM FLANGE 
 
SHEAR YIELDING  
 





AISC 360 EQN J4-1 













 > OK! 
SUMMARY: USE A GUSSET PLATE WITH THICKNESS, ASTM A572 
Gr.50 STEEL 
DESIGN WELD AT GUSSET TO BEAM FLANGE CONNECTION 
  
 
Average Stress on Gusset 
and Beam flange interface 
 
Resultant Load Angle 
 
AISCM Part 13, gusset is directly welded to beam 
 
(1/16ths OF AN INCH) 
MIN WELD SIZE FROM tABLE J2.4 FOR PLATE BETWEEN 1/2" to 3/4" is 1/4" 
SO USE THAT INSTEAD OF CALCULATED VALUE. 
USE TWO SIDED 1/4" FILLET WELD TO CONNECT GUSSET TO BEAM 
CHECK BEAM WEB LOCAL YIELDING Section J10-2, assuming near end. 
 
 




CHECK BEAM WEB LOCAL CRIPPLING Section J10-3, assuming near end. 
 




  GUSSET TO COLUMN 
Required Strength 
   
 Bolt Information (ASTM A325-X) 
   
  
(AISC 360 Table J3.2 ASTM A325N) 
 
(AISCM Table 1-1) 
  












<    OK! (AISCM Table 7-2) 
Available Tensile Strength of Bolts under Combined Loads 
(AISC 360 J3.7) 
 
<  OK! 
 
>  OK! 
 
End Plate assume ,  




(AISCM EQN 8-2a) 
 
(16ths of an inch) 
   
Summary: Weld Both Sides 3/8 in weld 
Gusset Plate Tensile and Shear Yielding at Gusset to End Plate 
Interface (AISC 360 EQN J4-1, J4-3) 
 
>    OK! 
 
>    OK! 
D-106
 Check Prying Action on Bolts at the End Plate 
 
 
(AISCM EQN 9-21) 
 
 
OK!      (AISCM EQN 9-27) 
 
(AISCM EQN 9-26) 
 
(AISC360 Table J3.3) 
 
 




(AISCM EQN 9-33) 
 
> OK! Use 3/4" End Plate 
D-107
 
Bolt Bearing at Bolt Holes on End Plate (AISC 360 J3-9) 
Deformation is a Consideration 
 














 > OK! 
Prying action on Column Flange 
 
 





OK!      (AISCM EQN 9-27) 
 
(AISCM EQN 9-26) 
 
(AISC360 Table J3.3) 
 
 




(AISCM EQN 9-33) 
 
> OK! 
Bearing on Column Flange 
By Inspection bearing on flange will not govern as 
>   
D-109
 
BEAM TO COLUMN 








 Required Shear Strength 
 Required Axial Strength 
 Design of Bolts at Beam-to-Column Connection 
 
 
Interaction of Bolt Shear and Tension (AISC 360 J3-3a) 











(AISCM EQN 8-2a) 
 
(16ths of an inch) 
Weld both sides with 5/16 in weld 
Check Prying Action on Bolts and End Plate 
 
 
(AISCM EQN 9-21) 
 
 
OK!      (AISCM EQN 9-27) 
 
(AISCM EQN 9-26) 
 











(AISCM EQN 9-33) 
 
> OK! 
Bolt Bearing at Bolt Holes on End Plate (AISC 360 J3-9) 
Deformation is a Consideration 
Due to edge distance of 3" instead of 1.75" Does not govern 
over gusset-to-column connection. 
Block Shear Rupture (AISC 360 J4-3) 
 






  > OK! 
Beam Shear Strength (AISC 360 J4.2) 
 
> OK! 








Define Current Working Directory (CWD) Containing W section X-sectional data 
 
   




BRACE TO BEAM CONNECTION IN BRACED FRAME BETWEEN GL C TO D AT LVL 3. THIS 























ASTM A572 Gr.50 
ASTM A500 Gr.C    
  
  
Brace Weld to Gusset Plate 
Tensile Forces: 
 
(AISC 341 13.3b) 
Compression Forces: 
 
(AISCM Table 4-4) 
 
 Weld Size: 
Assume thickness of the HSS will govern weld. 
Weld Size Limits from AISC 360 Chapter J,  Section J2.2b 
Min Weld Size (Table J2.4) 
Thinner Part joined = 0.349" so Dmin=3/16"=.1875 





For Fillet weld,  in shear, 
from Table J2.5 and Section 
J2.4 
 Divide over 4 areas assuming gusset is slotted into HSS 
 
USE 20" LONG 1/4" FILLET 
WELD BOTH SIDES 
D-116
 
Brace Block Shear and Shear Lag Fracture 
Brace Wall Rupture at Weld 
   
 
 
(AISC 360 J4-3) 
  
Shear Lag Fracture at Net Section at Slot in Tube 
  
 





(AISC 341 13.3c) 
  Add Reinforcement Plates over Slotted Portion of Brace 
 
Cross sectional area of plate 
required on each side of 
brace 
**Reinforcing Plate is Designed to be Narrower Than the Flat Width of the HSS*** 
Assume thickness of the HSS will govern weld. 
D-117
 
Weld Size Limits from AISC 360 Chapter J,  Section J2.2b 
Min Weld Size (Table J2.4) 
Thinner Part joined = 0.349" so Dmin=3/16"=.1875 








For Fillet weld,  in shear, 
from Table J2.5 and Section 
J2.4 
Check Increased Shear Lag Capacity 
 
(AISC 360 Table D3.1) 
 
  








CHECK GUSSET PLATE FOR COMPRESSION BUCKLING ON WHITMORE SECTION 
The available compressive strength of the gusset plate based on the limit state of flexural 
buckling is determined from AISC Specification Section J4.4, using an effective length factor, K, 





Unbraced length determined from AutoCad Drawings 
 
> 25 so Chapter E applies 
 
AISC 360 EQN E3-4 
 
 
< 2.25 so use equation E3-2 (AISC 360 E3) 
 
AISC EQN E3-2 
 
AISC EQN E3-1 using whitmore area 
  




AISC 360 EQN J4.1 
  







 > OK! 
SUMMARY: USE A GUSSET PLATE WITH THICKNESS, ASTM A572 
Gr.50 STEEL 
Gusset Plate to Beam Connection 
Gusset Plate Forces and Dimensions 
 
     
 




















Weld Peak Stress: 




Assume thickness of the Beam Flange will govern weld. 
Weld Size Limits from AISC 360 Chapter J,  Section J2.2b 
Min Weld Size (Table J2.4) 
Thinner Part joined = 0.625" so Dmin=4/16"=.25 





For Fillet weld,  in shear, 
from Table J2.5 and Section 
J2.4 
  
USE 1/4" FILLET WELD BOTH SIDES 






AISC 360 EQN J4-1 
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CHECK BEAM WEB LOCAL CRIPPLING Section J10-3, assuming crippling at center of 
beam. 
    
 












 SUMMARY IMAGE: 
 
Define Current Working Directory (CWD) Containing W section X-sectional data 
 
   




DESIGN OF BOLTED CONNECTION UNDER GRAVITY LOADS 




***SEE APP. D1 SHEET S9 FOR SUMMARY OF CONNECTION SIZES*** 
 
W14x22 Section Properties (AISC 360 Table 1-1) 
   
   
   
   
   
   
  
 
Bolt Properties 3/4" ASTM A325-N in Standard Holes 
    
(AISC 360 Table J3.2,Table 
J3.3, Section J3) 
   
 Bolt Tensile and Shear Capacity (AISC 360 J3.6) 
 
 
 Connection Loads: 
   (Max Transferrable Moment) 
 
D.7 Gravity Beam Connection Calculations
D-125
 
Size Shear Tab (assume bolts in single shear) 
  
(ASTM A572 GR50) 
  
 Shear Strength of Bolt (AISC 360 J3.6) 
 





 Limit States for Bolted Connection:  
Plate Yield, Bolt Shear, Plate Rupture, Block Shear Rupture 
Use Plate Yield to Determine Plate Thickness (AISC 360 J4-1) 
   





Use 1/8 in plate  
 
Plate Rupture (AISC 360 
J4-2) 
 
(AISC Table D3.1) 
 
 Block Shear Rupture (AISC 360 J4-3) 


















Weld Size: (C1 Governs Welding) 









W18x35 Section Properties (AISC 360 Table 1-1) 
   
   
   
   
   
   
  
 
Bolt Properties 3/4" ASTM A325-N in Standard Holes 
    
(AISC 360 Table J3.2,Table 
J3.3, Section J3) 
   





   (Max Transferrable Moment) 
 
Size Shear Tab (assume bolts in single shear) 
  




 Shear Strength of Bolt (AISC 360 J3.6) 
 





 Limit States for Bolted Connection:  
Plate Yield, Bolt Shear, Plate Rupture, Block Shear Rupture 
Use Plate Yield to Determine Plate Thickness (AISC 360 J4-1) 
   
(ASTM A572 Gr.50) 
 
 
Use 3/8 in plate  
 
Plate Rupture (AISC 360 
J4-2) 
 




 Block Shear Rupture (AISC 360 J4-3) 
 






 =22.52 kip 
Bolt Bearing Strength (AISC 360 J3-9) Deformation is not a 
consideration 
 







(W12x14 Governs Welding) 









W12x14 Section Properties (AISC 360 Table 1-1) 
   
   
   
   
   
   
  
 
Bolt Properties 3/4" ASTM A325-N in Standard Holes 
    
(AISC 360 Table J3.2,Table 
J3.3, Section J3) 
   
 Bolt Tensile and Shear Capacity (AISC 360 J3.6) 
 
 
 Connection Loads: 
   (Max Transferrable Moment) 
 
Size Shear Tab (assume bolts in single shear) 
  





 Shear Strength of Bolt (AISC 360 J3.6) 
 





 Limit States for Bolted Connection:  
Plate Yield, Bolt Shear, Plate Rupture, Block Shear Rupture 
Use Plate Yield to Determine Plate Thickness (AISC 360 J4-1) 
   
(ASTM A572 Gr.50) 
 
 
Use 1/8 in plate  
 
D-134
 Plate Rupture (AISC 360 
J4-2) 
 
(AISC Table D3.1) 
 
 Block Shear Rupture (AISC 360 J4-3) 


















Weld Size: (C1 Governs Welding) 





Weld both sides min 3 in with 1/8" fillet weld  
D-136
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               D.8 Wind Load Calculations
D-137
11/3/2019 ATC Hazards by Location
https://hazards.atcouncil.org/#/wind?lat=37.324647&lng=-121.9251112&address=1759 Hester Ave%2C San Jose%2C CA 95128%2C USA 1/2
Hazards by Location
Search Information






MRI 10-Year 64 mph
MRI 25-Year 71 mph
MRI 50-Year 75 mph
MRI 100-Year 79 mph
Risk Category I 86 mph
Risk Category II 92 mph
Risk Category III 99 mph
Risk Category IV 103 mph
ASCE 7-10
MRI 10-Year 72 mph
MRI 25-Year 79 mph
MRI 50-Year 85 mph
MRI 100-Year 91 mph
Risk Category I 100 mph
Risk Category II 110 mph
Risk Category III-IV 115 mph
ASCE 7-05
ASCE 7-05 Wind Speed 85 mph
The results indicated here DO NOT reflect any state or local amendments to the values or any delineation lines made during the building
code adoption process. Users should confirm any output obtained from this tool with the local Authority Having Jurisdiction before
proceeding with design.
Disclaimer
Hazard loads are interpolated from data provided in ASCE 7 and rounded up to the nearest whole integer. Per ASCE 7, islands and coastal
areas outside the last contour should use the last wind speed contour of the coastal area – in some cases, this website will extrapolate past
the last wind speed contour and therefore, provide a wind speed that is slightly higher. NOTE: For queries near wind-borne debris region
boundaries, the resulting determination is sensitive to rounding which may affect whether or not it is considered to be within a wind-borne
debris region.
Mountainous terrain, gorges, ocean promontories, and special wind regions shall be examined for unusual wind conditions.
While the information presented on this website is believed to be correct, ATC and its sponsors and contributors assume no responsibility
or liability for its accuracy. The material presented in the report should not be used or relied upon for any specific application without
competent examination and verification of its accuracy, suitability and applicability by engineers or other licensed professionals. ATC does
not intend that the use of this information replace the sound judgment of such competent professionals, having experience and knowledge
in the field of practice, nor to substitute for the standard of care required of such professionals in interpreting and applying the results of the
report provided by this website. Users of the information from this website assume all liability arising from such use. Use of the output of
this website does not imply approval by the governing building code bodies responsible for building code approval and interpretation for the
Map data ©2019 Google, INEGI
D-138
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E.1 ​Shipping Container Specifications 
Table E.1: ​Exterior and interior dimensions for 20’, 40’, and 45’ high cube shipping containers. 
Size Exterior Interior Door Opening 
High Cube 
Container 











20’ 20 8 9.5 19’5” 7’8” 8’10” 7’8” 8’ 5 ½” 
40’ 40 8 9.5 39’5” 7’8” 8’10” 7’8” 8’ 5 ½” 
45’ 45 8 9.5 44’5” 7’8” 8’10” 7’8” 8’ 5 ½” 
 




















20’ 1317 852 5,335 369 6.26 67,197 61,862 
40’ 2694 1,552 8,775 738 5.65 67,200 58,425 
45’ 3043 1,727 9,810 830 5.68 72,800 62,290 
Deck and 
Railing 
  1630     
 
 
Figure E.1:​ Diagram of assigned corner numbers to identify and track load through the corners of 
every container in the building.  
 
Table E.3​: ​Surface area attributed to each corner in square feet. 
Size 1 2 3 4 5 6 7 8 Total 
20' 40 213 40 213 40 213 40 213 852 
40' 80 388 80 388 80 388 80 388 1552 




Table E.4​: ​Surface area attributed to each wall in square feet. 







West Wall (1256) 
20' 160 160 76 76 190 190 
40' 320 320 76 76 380 380 





E.2 ​Dead and Live Load Calculations 
Table E.5​: ​Dead loads acting on each corner of a 20’ high cube shipping container located on the 
interior of the building in pounds. 
Type Material Dead Load (psf) 1 2 3 4 5 6 7 8 Totals 
Container 
Self-Weight 









2 60 320 60 320 60 320 60 320 1278 
Exterior Waterproofing 6 0 209 0 209 0 0 0 0 418 
Ceiling MEPF 7 280 280 280 280 280 280 280 280 1120 
Floor Linoleum 1 0 40 0 40 0 40 0 40 160 
Total   710 2302 710 2302 710 2093 710 2093  





Table E.6​: ​Dead loads acting on each corner of a 20’ high cube shipping container located on the 
corners of the building in pounds.  
Type Material Dead Load (psf) 1 2 3 4 5 6 7 8 Totals 
Container 
Self-Weight 









2 60 320 60 320 60 320 60 320 1278 
Exterior Waterproofing 6 0 732 0 209 0 523 0 0 1463 
Ceiling MEPF 7 280 280 280 280 280 280 280 280 1120 
Floor Linoleum 1 0 40 0 40 0 40 0 40 160 
Total   710 2825 710 2302 710 2616 710 2093  









Table E.7​: ​Dead loads acting on each corner of a 40’ high cube shipping container located on the 
edge of the building in pounds.  
Type Material Dead Load (psf) 1 2 3 4 5 6 7 8 Totals 
Container 
Self-Weight 









2 120 582 120 582 120 582 120 582 2328 
Exterior Waterproofing 6 0 209 0 209 0 0 0 0 418 
Ceiling MEPF 7 560 560 560 560 560 560 560 560 2240 
Floor Linoleum 1 0 80 0 80 0 80 0 80 320 
Total   1372 3865 1372 3865 1372 3656 1372 3656  
   




Table E.8​: ​Dead loads acting on each corner of a 45’ high cube shipping container located on the 
interior of the building in pounds.  
Type Material Dead Load (psf) 1 2 3 4 5 6 7 8 Totals 
Container 
Self-Weight 









2 135 648 135 648 135 648 135 648 2591 
Exterior Waterproofing 6 0 0 0 0 0 0 0 0 0 
Ceiling MEPF 7 630 630 630 630 630 630 630 630 2520 
Floor Linoleum 1 0 90 0 90 0 90 0 90 360 
Total   1546 4090 1546 4090 1546 4090 1546 4090  








Table E.9​: ​Dead loads acting on each corner of a 45’ high cube shipping container located on the 
edge of the building in pounds. 
Type Material Dead Load (psf) 1 2 3 4 5 6 7 8 Totals 
Container 
Self-Weight 









2 135 648 135 648 135 648 135 648 2591 
Exterior Waterproofing 6 0 209 0 0 0 209 0 0 418 
Ceiling MEPF 7 630 630 630 630 630 630 630 630 2520 
Floor Linoleum 1 0 90 0 90 0 90 0 90 360 
Total   1546 4299 1546 4090 1546 4299 1546 4090  
   




Table E.10​: ​Live loads acting on each bottom corner (Corners 2,4,6 and 8)  for every modular 
container type.  
 Surface Area (sqft) Live Load (psf) Total Load (lb) 
Load for Each 
Bottom Corner (lb) 
Residential 20' 149 40 5954 1489 
Assembly 20' 149 100 14886 3722 
Hallway 40' 302 100 30219 7555 
Hallway 45' 341 100 34053 8513 
Hallway 20' 149 100 14886 3722 
Occupied Roof 20' 149 100 14886 3722 
Occupied Roof 40' 302 100 30219 7555 














E.3 ​Wind Load Calculations 
 
 
Figure E.2​:​ Figure 28.3-1 from ASCE 7-16, main wind force resisting systems for enclosed and 
partially enclosed buildings - low-rise walls and roofs, part 1. Each letter corresponds to a value 
in the tables shown in Figure A2.  
 
(EQN 1) Kz (15<z<zg) = 2.01*(z/zg)(2/) 




(EQN 2)  qz =0.00256*Kzt*Kd*Ke*V2(lb/ft2) 
where  qz=velocity pressure, Kzt =topographic factor,Kd is wind directionality factor, 
Ke is ground elevation  factor, and V is the basic wind speed. 
 
(EQN 3) p = qz[(GCpf)-(GCpi)] 
where p=wind pressure, GCpf=external pressure coefficient, and GCpi=internal pressure 
Coefficient 
Figure E.3:​ Equations used to calculate values in Table XX. 
 
 
Table E.11:​ Hand calculations to find wind pressures along the building’s length and base, where 
the base is parallel to north and the length is perpendicular to north. 
Wind Pressures Along L 
Surface Level Elevation Kz qz H/L 
Windward Wall (q = 
qz) 
2 14 0.849 15.805 0.066 
3 23.583 0.934 17.384 0.112 
Roof 33.167 1.003 18.678 0.157 
Parapet 42.750 1.058 19.704 0.203 
Leeward Wall All 42.750 1.058 19.704 0.203 
Side Wall All 42.750 1.058 19.704 0.203 
Wind Pressures Along B 
Surface Level Elevation Kz qz H/L 
Windward Wall 
2 14 0.849 15.805 0.066 
3 23.583 0.934 17.384 0.112 
Roof 33.167 1.003 18.678 0.157 
Parapet 42.750 1.058 19.704 0.203 
Leeward Wall All 52.333 1.104 20.561 0.248 
Side Wall All 61.917 1.144 21.302 0.293 
 
 
Table E.12:​ Sample hand-calculated design pressures for load diagram 1 for load case A and load 
case B of the proposed steel storage container structure. The P ​max​ reflects the greatest pressure out 
of positive and negative combinations of GC​pi​.  
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 Load Case A Load Case B 
Formula Values Solution Values Solution 
q(GC​pf ​) 19.531*0.4 7.812 19.531*(-0.45) -8.789 
q(+GC​pi​) 19.531*0.18 3.516 19.531*0.18 3.516 
q(GC​pf ​ + GC​pi​) 
(PSF) 
7.812-3.516 4.297 -8.798-3.516 -12.305 
q(-GC​pi​) 19.531*-0.18 -3.516 19.531*(0.45) 3.516 
q(GC​pf ​ - GC​pi​) 7.812-(-3.516) 11.328 -8.798+3.516 -5.273 
P ​max ​ (PSF) Absolute value 
maximum of (4.297, 
11.328) 





Table E.13:​ Hand-calculated design pressures for proposed steel storage container structure using 
design process from ASCE 7-16 Chapter 28. The Pmax reflects the greatest pressure out of 
positive and negative combinations of GCpi.  
Load 
Diagram 
Notation Design Pressure - Load Case A 
 q(GC​pf ​) q(+GC​pi​) q(GC​pf ​ + GC​pi​) (PSF) q(GC​pf ​) q(-GC​pi​) q(GC​pf ​ - GC​pi​) (PSF) P ​max ​(PSF) 
1 7.872 3.542 4.329 7.872 -3.542 11.414 11.414 
2 -13.579 3.542 -17.121 -13.579 -3.542 -10.036 -17.121 
3 -7.281 3.542 -10.824 -7.281 -3.542 -3.739 -10.824 
4 -5.707 3.542 -9.249 -5.707 -3.542 -2.165 -9.249 
1E 12.004 3.542 8.462 12.004 -3.542 15.547 15.547 
2E -21.057 3.542 -24.599 -21.057 -3.542 -17.515 -24.599 
3E -10.430 3.542 -13.972 -10.430 -3.542 -6.888 -13.972 
4E -8.462 3.542 -12.004 -8.462 -3.542 -4.920 -12.004 
Load 
Diagram 
Notation Design Pressure - Load Case B 
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 q(GC​pf ​) q(+GC​pi​) q(GC​pf ​ + GC​pi​) (PSF) q(GC​pf ​) q(-GC​pi​) q(GC​pf ​ - GC​pi​) (PSF) P ​max ​(PSF) 
1 -8.856 3.542 -12.398 -8.856 -3.542 -5.313 -12.398 
2 -13.579 3.542 -17.121 -13.579 -3.542 -10.036 -17.121 
3 -7.281 3.542 -10.824 -7.281 -3.542 -3.739 -10.824 
4 -8.856 3.542 -12.398 -8.856 -3.542 -5.313 -12.398 
5 7.872 3.542 4.329 7.872 -3.542 11.414 11.414 
6 -5.707 3.542 -9.249 -5.707 -3.542 -2.165 -9.249 
1E -9.446 3.542 -12.988 -9.446 -3.542 -5.904 -12.988 
2E -21.057 3.542 -24.599 -21.057 -3.542 -17.515 -24.599 
3E -10.430 3.542 -13.972 -10.430 -3.542 -6.888 -13.972 
4E -9.446 3.542 -12.988 -9.446 -3.542 -5.904 -12.988 
5E 12.004 3.542 8.462 12.004 -3.542 15.547 15.547 
6E -8.462 3.542 -12.004 -8.462 -3.542 -4.920 -12.004 
 
Table E.14: ​Sample hand calculations of calculating Case A and Case B values, using surface 
pair 1E and 4E. 
Item Formula Values Solution 
Case A +GC​pi Case A +GC​pi​ (1E-4E) 8.398-(-11.914) 20.312 
Case A -GC​pi Case A -GC​pi​ (1E-4E) 15.430-(-4.883) 20.312 
Case B +GC​pi Case B +GC​pi ​(1E-4E) -12.891-(-12.891) 0.000 
Case B -GC​pi Case B -GC​pi​ (1E-4E) -5.859-(-5.859) 0.000 
Governing Combination Which Load Case has the 
greatest value? 
Max (0, 20.312) Load Case A 
 
 
Table E15:​  ​Design Wind Pressure for Steel Storage Container Structure. 
Wind Loads (PSF) 
Building Surface Case A +GC​pi Case A -GC​pi Case B +GC​pi Case B -GC​pi 
1 4.33 11.41 -12.40 -5.31 
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2 -17.12 -10.04 -17.12 -10.04 
3 -10.82 -3.74 -10.82 -3.74 
4 -9.25 -2.17 -12.40 -5.31 
5 N/A N/A 4.33 11.41 
6 N/A N/A -9.25 -2.17 
1E 8.46 15.55 -12.99 -5.90 
2E -24.60 -17.52 -24.60 -17.52 
3E -13.97 -6.89 -13.97 -6.89 
4E -12.00 -4.92 -12.99 -5.90 
5E N/A N/A 8.46 15.55 



























Table E.16​: ​Quantity takeoffs for each type of container on every floor. 
 20' Containers 40' Containers 45' Containers Roof Deck 
(sqft) 
Railing 
(ft)  Exterior Interior Exterior Interior Exterior Interior 
Level 2 4 40 0 0 2 2 0 0 
Level 3 4 36 1 0 1 2 0 0 
Roof 0 0 0 0 0 0 3136 416 
Penthouse 3 0 0 0 0 0 0 0 
 
Table E.17​: ​Weight of Singular Containers in pounds.  
20' Containers 40' Containers 45' Containers Roof Deck 
Exterior Interior Exterior Interior Exterior Interior Deck (psf) Railing (psf) 
9836 8791 15041 15041 16779 16361 9.38 16.3 
 
Table E.18​: ​Weight per floor in pounds.  
 20' Containers 40' Containers 45' Containers Deck Railing 
Totals Weight 
Per Floor (lb) 
Totals 
Weight Per 
Floor (kips)  Exterior Interior Exterior Interior Exterior Interior   
Level 2 39344 393440 0 0 19672 19672 0 0 472128 472 
Level 3 39344 354096 9836 0 9836 19672 0 0 432784 433 
Roof 0 0 0 0 0 0 29400 6760 36160 36.2 
Penthouse 29508 0 0 0 0 0 0 0 29508 29.5 
       TOTALS 970580 971 
 




h​n​ (ft) 42.7 
T​a​ (sec) 0.334
 
Table E.20​: ​Seismic Response Coefficient Calculation per ASCE 7-16 12.8-2 and ASCE 7-16 
12.8-3. The green highlight denotes the governing seismic response coefficient.  
C​s C​smax C​smin 
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Formula C​s ​=(SD​S​)/(R/I​e​) Formula C​smax​=(SD​1​)/(T(R/I​e​)) Formula C​smin​=0.044*SD​S​*I​e 
SD​S 1.2 SD​1 0.68 SD​S 1.2 
R 2 T 0.334 
I​e 
 1 
I​e 1 R 2 C​smin 0.0528 
C​s 0.6 I​e 1   
  C​smax 1.018   
 
Table E.21​: ​Base shear calculation. 
Total Weight (kips) 971 
Cs 0.6 
V (kips) =Cs * W 582 
 
Table E.22​: ​Lateral force at each level calculation.  
LVL Height (ft) Weight (kips) w*(h​k​) C​vx F ​x​(kips) V​X​(kips) 
Penthouse 28.5 29.5 637 0.139 80.9 80.9 
Roof 19 36.2 538 0.117 68.3 149 
3 9.5 433 3410 0.744 433 582 
TOTALS   4585  582.3  
 
 
Figure E.4​: ​Free body diagram converting the lateral seismic loads to a gravity load.  
 
Table E.23​: ​Converting lateral seismic load from roof to a gravity load by finding a moment 
about A from Figure E.4. 
  Moment Arm (ft) 
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V (kips) 1.87 9.5 
dL (kips) 1.35 8 
W (kips) 2.67 4 
Edown x 8 
M​a 3.71  
E​down​ (kips)= -0.46  
 
Table E.24​: ​Converting lateral seismic load from level 3 to a gravity load by finding a moment 
about A from Figure E. 4. 
  Moment Arm (ft) 
V (kips) 6.62 9.5 
dL (kips) 1.35 8 
W (kips) 2.67 4 
Edown x 8 
M​a -41.4  





E.5 ​Modular Load Path Load Combinations 
 












H S f1 f2 
1 710.47 0 404.73 5179 1600 0 0 0.5 0.7 
2 2302.25 1489 404.73 5179 1600 0 0 0.5 0.7 
3 710.47 0 404.73 5179 1600 0 0 0.5 0.7 
4 2302.25 1489 404.73 5179 1600 0 0 0.5 0.7 
5 710.47 0 404.73 5179 1600 0 0 0.5 0.7 
6 2093.25 1489 404.73 5179 1600 0 0 0.5 0.7 
7 710.47 0 404.73 5179 1600 0 0 0.5 0.7 
8 2093.25 1489 404.73 5179 1600 0 0 0.5 0.7 
 
Table E.26​:​ ​Container Type 2-1 load combination results and maximum load combined with 
incoming load from above containers in pounds.  
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
Max Load + 
3rd Floor 
(3-1) 
Max Load + 
3rd Floor 
(3-1)+ Roof 
1 995 3413 4533 2378 7153 1044 5819 7153 11685 11710
2 3223 7705 9867 5330 10106 2477 7251 10106 19972 29661
3 995 3413 4533 2378 7154 1044 5819 7154 11687 11712
4 3223 7705 9867 5330 10107 2477 7251 10107 19973 29662
5 995 3413 4533 2378 7155 1044 5819 7155 11688 11713
6 2931 7454 9616 5079 9858 2289 7063 9858 19473 29162
7 995 3413 4533 2378 7157 1044 5819 7157 11689 11715
8 2931 7454 9616 5079 9859 2289 7063 9859 19475 29164
 










H S f1 f2 
1 710.47 0 404.73 5179 0 0 0.5 0.7 
2 2302.25 1489 404.73 5179 0 0 0.5 0.7 
3 710.47 0 404.73 5179 0 0 0.5 0.7 
4 2302.25 1489 404.73 5179 0 0 0.5 0.7 
5 710.47 0 404.73 5179 0 0 0.5 0.7 
6 2093.25 1489 404.73 5179 0 0 0.5 0.7 
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7 710.47 0 404.73 5179 0 0 0.5 0.7 
8 2093.25 1489 404.73 5179 0 0 0.5 0.7 
 
Table E.28​:​ ​Container Type 2-2a load combination results and maximum load combined with 
incoming load from above containers in pounds.  
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
Max Load + 
3rd Floor 
(3-1) 
1 995 853 1055 1258 6033 1044 5819 6033 10565 
2 3223 5145 6187 4210 8986 2477 7251 8986 23988 
3 995 853 1055 1258 6034 1044 5819 6034 10567 
4 3223 5145 6187 4210 8987 2477 7251 8987 23989 
5 995 853 1055 1258 6035 1044 5819 6035 10568 
6 2931 4894 5936 3959 8738 2289 7063 8738 23489 
7 995 853 1055 1258 6037 1044 5819 6037 10569 
8 2931 4894 5936 3959 8739 2289 7063 8739 23490 
 










H S f1 f2 
1 710.47 0 404.73 5179 0 0 0.5 0.7 
2 2824.75 1489 404.73 5179 0 0 0.5 0.7 
3 710.47 0 404.73 5179 0 0 0.5 0.7 
4 2302.25 1489 404.73 5179 0 0 0.5 0.7 
5 710.47 0 404.73 5179 0 0 0.5 0.7 
6 2615.75 1489 404.73 5179 0 0 0.5 0.7 
7 710.47 0 404.73 5179 0 0 0.5 0.7 
8 2093.25 1489 404.73 5179 0 0 0.5 0.7 
 
Table E.30​:​ ​Container Type 2-2b load combination results and maximum load combined with 
incoming load from above containers in pounds.  
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
Max Load + 
3rd Floor 
(3-1) 
1 995 853 1055 1258 6033 1044 5819 6033 10565 
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2 3955 5772 6814 4837 9613 2947 7722 9613 25242 
3 995 853 1055 1258 6034 1044 5819 6034 10567 
4 3223 5145 6187 4210 8987 2477 7251 8987 23989 
5 995 853 1055 1258 6035 1044 5819 6035 10568 
6 3662 5521 6563 4586 9365 2759 7534 9365 24743 
7 995 853 1055 1258 6037 1044 5819 6037 10569 
8 2931 4894 5936 3959 8739 2289 7063 8739 23490 
 












H S f1 f2 
1 710.47 0 101.18 5179 1600 0 0 0.5 0.7 
2 2302.25 3722 404.73 5179 1600 0 0 0.5 0.7 
3 710.47 0 101.18 5179 1600 0 0 0.5 0.7 
4 2302.25 3722 404.73 5179 1600 0 0 0.5 0.7 
5 710.47 0 101.18 5179 1600 0 0 0.5 0.7 
6 2093.25 3722 404.73 5179 1600 0 0 0.5 0.7 
7 710.47 0 101.18 5179 1600 0 0 0.5 0.7 
8 2093.25 3722 404.73 5179 1600 0 0 0.5 0.7 
 
Table E.32​:​ ​Container Type 2-3a load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
Max Load + 
3rd Floor 
(3-1) 
1 995 3413 4533 2074 7153 741 5819 7153 11685 
2 3223 11277 15002 6893 11669 2477 7251 15002 30004 
3 995 3413 4533 2074 7154 741 5819 7154 11687 
4 3223 11277 15002 6893 11670 2477 7251 15002 30004 
5 995 3413 4533 2074 7155 741 5819 7155 11688 
6 2931 11027 14751 6642 11421 2289 7063 14751 29503 
7 995 3413 4533 2074 7157 741 5819 7157 11689 
8 2931 11027 14751 6642 11422 2289 7063 14751 29503 
 














H S f1 f2 
1 710.47 0 101.18 5179 1600 0 0 0.5 0.7 
2 2824.75 3722 404.73 5179 1600 0 0 0.5 0.7 
3 710.47 0 101.18 5179 1600 0 0 0.5 0.7 
4 2302.25 3722 404.73 5179 1600 0 0 0.5 0.7 
5 710.47 0 101.18 5179 1600 0 0 0.5 0.7 
6 2615.75 3722 404.73 5179 1600 0 0 0.5 0.7 
7 710.47 0 101.18 5179 1600 0 0 0.5 0.7 
8 2093.25 3722 404.73 5179 1600 0 0 0.5 0.7 
 
Table E.34​:​ ​Container Type 2-3b load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
Max Load + 
3rd Floor 
(3-1) 
1 995 3413 4533 2074 7153 741 5819 7153 11685 
2 3955 11904 15629 7520 12296 2947 7722 15629 31258 
3 995 3413 4533 2074 7154 741 5819 7154 11687 
4 3223 11277 15002 6893 11670 2477 7251 15002 30004 
5 995 3413 4533 2074 7155 741 5819 7155 11688 
6 3662 11654 15378 7269 12048 2759 7534 15378 30757 
7 995 3413 4533 2074 7157 741 5819 7157 11689 
8 2931 11027 14751 6642 11422 2289 7063 14751 29503 
 












H S f1 f2 
1 1546.23 0 520.874 0 3600 0 0 0.5 0.7 
2 4299.13 8513 520.874 0 3600 0 0 0.5 0.7 
3 1546.23 0 520.874 0 3600 0 0 0.5 0.7 
4 4090.13 8513 520.874 0 3600 0 0 0.5 0.7 
5 1546.23 0 520.874 0 3600 0 0 0.5 0.7 
6 4299.13 8513 520.874 0 3600 0 0 0.5 0.7 
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7 1546.23 0 520.874 0 3600 0 0 0.5 0.7 
8 4090.13 8513 520.874 0 3600 0 0 0.5 0.7 
 
Table E.36​:​ ​Container Type 2-4a load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
Max Load + 
3rd Floor 
(3-1) 
1 2165 7616 10135 4897 4376 1912 1392 10135 19142 
2 6019 24540 33019 14159 13640 4390 3869 33019 62142 
3 2165 7616 10135 4897 4378 1912 1392 10135 19142 
4 5726 24290 32768 13909 13390 4202 3681 32768 62142 
5 2165 7616 10135 4897 4379 1912 1392 10135 19142 
6 6019 24540 33019 14159 13642 4390 3869 33019 62142 
7 2165 7616 10135 4897 4380 1912 1392 10135 19142 
8 5726 24290 32768 13909 13393 4202 3681 32768 62142 
 












H S f1 f2 
1 1546.23 0 520.874 0.000 3600 0 0 0.5 0.7 
2 4090.13 8513 520.874 0.000 3600 0 0 0.5 0.7 
3 1546.23 0 520.874 0.000 3600 0 0 0.5 0.7 
4 4090.13 8513 520.874 0.000 3600 0 0 0.5 0.7 
5 1546.23 0 520.874 0.000 3600 0 0 0.5 0.7 
6 4090.13 8513 520.874 0.000 3600 0 0 0.5 0.7 
7 1546.23 0 520.874 0.000 3600 0 0 0.5 0.7 
8 4090.13 8513 520.874 0.000 3600 0 0 0.5 0.7 
 
Table E.38​:​ ​Container Type 2-4b load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
Max Load + 
3rd Floor 
(3-1) 
1 2165 7616 10135 4897 4376 1912 1392 10135 20271 
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2 5726 24290 32768 13909 13389 4202 3681 32768 65788 
3 2165 7616 10135 4897 4378 1912 1392 10135 20271 
4 5726 24290 32768 13909 13390 4202 3681 32768 65537 
5 2165 7616 10135 4897 4379 1912 1392 10135 20271 
6 5726 24290 32768 13909 13392 4202 3681 32768 65788 
7 2165 7616 10135 4897 4380 1912 1392 10135 20271 
8 5726 24290 32768 13909 13393 4202 3681 32768 65537 
 












H S f1 f2 
1 1546.23 0 520.874 0.000 3600 0 0 0.5 0.7 
2 4090.13 8513 520.874 0.000 3600 0 0 0.5 0.7 
3 1546.23 0 520.874 0.000 3600 0 0 0.5 0.7 
4 4090.13 8513 520.874 0.000 3600 0 0 0.5 0.7 
5 1546.23 0 520.874 0.000 3600 0 0 0.5 0.7 
6 4090.13 8513 520.874 0.000 3600 0 0 0.5 0.7 
7 1546.23 0 520.874 0.000 3600 0 0 0.5 0.7 
8 4090.13 8513 520.874 0.000 3600 0 0 0.5 0.7 
 
Table E.40​:​ ​Container Type 2-4c load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
Max Load + 
3rd Floor 
(3-1) 
1 2165 7616 10135 4897 4376 1912 1392 10135 20271 
2 5726 24290 32768 13909 13389 4202 3681 32768 65537 
3 2165 7616 10135 4897 4378 1912 1392 10135 20271 
4 5726 24290 32768 13909 13390 4202 3681 32768 65537 
5 2165 7616 10135 4897 4379 1912 1392 10135 20271 
6 5726 24290 32768 13909 13392 4202 3681 32768 65537 
7 2165 7616 10135 4897 4380 1912 1392 10135 20271 
8 5726 24290 32768 13909 13393 4202 3681 32768 65537 
 














H S f1 f2 
1 1546.23 0 520.874 0.000 3600 0 0 0.5 0.7 
2 4299.13 8513 520.874 0.000 3600 0 0 0.5 0.7 
3 1546.23 0 520.874 0.000 3600 0 0 0.5 0.7 
4 4090.13 8513 520.874 0.000 3600 0 0 0.5 0.7 
5 1546.23 0 520.874 0.000 3600 0 0 0.5 0.7 
6 4299.13 8513 520.874 0.000 3600 0 0 0.5 0.7 
7 1546.23 0 520.874 0.000 3600 0 0 0.5 0.7 
8 4090.13 8513 520.874 0.000 3600 0 0 0.5 0.7 
 
Table E.42​:​ ​Container Type 2-4d load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
Max Load + 
3rd Floor 
(3-1) 
1 2165 7616 10135 4897 4376 1912 1392 10135 20271 
2 6019 24540 33019 14159 13640 4390 3869 33019 65788 
3 2165 7616 10135 4897 4378 1912 1392 10135 20271 
4 5726 24290 32768 13909 13390 4202 3681 32768 65537 
5 2165 7616 10135 4897 4379 1912 1392 10135 20271 
6 6019 24540 33019 14159 13642 4390 3869 33019 65788 
7 2165 7616 10135 4897 4380 1912 1392 10135 20271 
8 5726 24290 32768 13909 13393 4202 3681 32768 65537 
 












H S f1 f2 
1 710.47 0 404.733 5179 1600 0 0 0.5 0.7 
2 2302.25 3721.53 404.733 5179 1600 0 0 0.5 0.7 
3 710.47 0 404.733 5179 1600 0 0 0.5 0.7 
4 2302.25 3721.53 404.733 5179 1600 0 0 0.5 0.7 
5 710.47 0 404.733 5179 1600 0 0 0.5 0.7 
6 2093.25 3721.53 404.733 5179 1600 0 0 0.5 0.7 
7 710.47 0 404.733 5179 1600 0 0 0.5 0.7 
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8 2093.25 3721.53 404.733 5179 1600 0 0 0.5 0.7 
 
Table E.44​:​ ​Container Type 2-5a load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
Max Load + 
3rd Floor 
(3-1) 
1 995 3413 4533 2378 7153 1044 5819 7153 11685 
2 3223 11277 15002 6893 11669 2477 7251 15002 30004 
3 995 3413 4533 2378 7154 1044 5819 7154 11687 
4 3223 11277 15002 6893 11670 2477 7251 15002 30004 
5 995 3413 4533 2378 7155 1044 5819 7155 11688 
6 2931 11027 14751 6642 11421 2289 7063 14751 29503 
7 995 3413 4533 2378 7157 1044 5819 7157 11689 
8 2931 11027 14751 6642 11422 2289 7063 14751 29503 
 












H S f1 f2 
1 710.47 0 404.733 5179 1600 0 0 0.5 0.7 
2 2824.75 3721.53 404.733 5179 1600 0 0 0.5 0.7 
3 710.47 0 404.733 5179 1600 0 0 0.5 0.7 
4 2302.25 3721.53 404.733 5179 1600 0 0 0.5 0.7 
5 710.47 0 404.733 5179 1600 0 0 0.5 0.7 
6 2615.75 3721.53 404.733 5179 1600 0 0 0.5 0.7 
7 710.47 0 404.733 5179 1600 0 0 0.5 0.7 
8 2093.25 3721.53 404.733 5179 1600 0 0 0.5 0.7 
 
Table E.46​:​ ​Container Type 2-5b load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
Max Load + 
3rd Floor 
(3-1) 
1 995 3413 4533 2378 7153 1044 5819 7153 11685 
2 3955 11904 15629 7520 12296 2947 7722 15629 30631 
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3 995 3413 4533 2378 7154 1044 5819 7154 11687 
4 3223 11277 15002 6893 11670 2477 7251 15002 30004 
5 995 3413 4533 2378 7155 1044 5819 7155 11688 
6 3662 11654 15378 7269 12048 2759 7534 15378 30130 
7 995 3413 4533 2378 7157 1044 5819 7157 11689 
8 2931 11027 14751 6642 11422 2289 7063 14751 29503 
 












H S f1 f2 
1 710.47 0 404.733 5179 1600 0 0 0.5 0.7 
2 2302.25 1489 404.733 5179 1600 0 0 0.5 0.7 
3 710.47 0 404.733 5179 1600 0 0 0.5 0.7 
4 2302.25 1489 404.733 5179 1600 0 0 0.5 0.7 
5 710.47 0 404.733 5179 1600 0 0 0.5 0.7 
6 2093.25 1489 404.733 5179 1600 0 0 0.5 0.7 
7 710.47 0 404.733 5179 1600 0 0 0.5 0.7 
8 2093.25 1489 404.733 5179 1600 0 0 0.5 0.7 
 
Table E.48​:​ ​Container Type 2-6 load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
Max Load + 
3rd Floor 
(3-1) 
1 995 3413 4533 2378 7153 1044 5819 7153 11685 
2 3223 7705 9867 5330 10106 2477 7251 10106 19972 
3 995 3413 4533 2378 7154 1044 5819 7154 11687 
4 3223 7705 9867 5330 10107 2477 7251 10107 19973 
5 995 3413 4533 2378 7155 1044 5819 7155 11688 
6 2931 7454 9616 5079 9858 2289 7063 9858 19473 
7 995 3413 4533 2378 7157 1044 5819 7157 11689 

















H S f1 f2 
1 930.47 0 101.18 1909.573 1600 0 0 0.5 0.7 
2 3264.75 1488.61 101.18 1909.573 1600 0 0 0.5 0.7 
3 930.47 0 101.18 1909.573 1600 0 0 0.5 0.7 
4 3264.75 1488.61 101.18 1909.573 1600 0 0 0.5 0.7 
5 930.47 0 101.18 1909.573 1600 0 0 0.5 0.7 
6 3264.75 1488.61 101.18 1909.573 1600 0 0 0.5 0.7 
7 930.47 0 101.18 1909.573 1600 0 0 0.5 0.7 
8 3264.75 1488.61 101.18 1909.573 1600 0 0 0.5 0.7 
 
Table E.50​:​ ​Container Type 3-1 load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
1 1303 1117 9676 3823 10098 939 6096 10098 
2 4571 6299 3968 4019 5829 3039 4848 6299 
3 1303 1117 9676 3823 10099 939 6096 10099 
4 4571 6299 3968 4019 5830 3039 4848 6299 
5 1303 1117 1167 1218 3030 939 2747 3030 
6 4571 6299 3968 4019 5831 3039 4848 6299 
7 1303 1117 1167 1218 3031 939 2747 3031 
8 4571 6299 3968 4019 5833 3039 4848 6299 
 












H S f1 f2 
1 930.47 0 101.18 1909.573 1909.573 0 0 0.5 0.7 
2 3264.75 1488.61 101.18 1909.573 1909.573 0 0 0.5 0.7 
3 930.47 0 101.18 1909.573 1909.573 0 0 0.5 0.7 
4 3264.75 1488.61 101.18 1909.573 1909.573 0 0 0.5 0.7 
5 930.47 0 101.18 1909.573 1909.573 0 0 0.5 0.7 
6 3264.75 1488.61 101.18 1909.573 1909.573 0 0 0.5 0.7 
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7 930.47 0 101.18 1909.573 1909.573 0 0 0.5 0.7 
8 3264.75 1488.61 101.18 1909.573 1909.573 0 0 0.5 0.7 
 
Table E.52​:​ Container Type 3-2 load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
1 1303 11693 18493 6506 17381 939 9546 18493 
2 4571 3918 3968 4019 5829 3039 4848 5829 
3 1303 11693 18493 6506 17382 939 9546 18493 
4 4571 3918 3968 4019 5830 3039 4848 5830 
5 1303 1117 1167 1218 3030 939 2747 3030 
6 4571 3918 3968 4019 5831 3039 4848 5831 
7 1303 1117 1167 1218 3031 939 2747 3031 
8 4571 3918 3968 4019 5833 3039 4848 5833 
 












H S f1 f2 
1 930.47 0 101.18 1909.573 1909.573 0 0 0.5 0.7 
2 3264.75 3721.53 101.18 1909.573 1909.573 0 0 0.5 0.7 
3 930.47 0 101.18 1909.573 1909.573 0 0 0.5 0.7 
4 3264.75 3721.53 101.18 1909.573 1909.573 0 0 0.5 0.7 
5 930.47 0 101.18 1909.573 1909.573 0 0 0.5 0.7 
6 3264.75 3721.53 101.18 1909.573 1909.573 0 0 0.5 0.7 
7 930.47 0 101.18 1909.573 1909.573 0 0 0.5 0.7 
8 3264.75 3721.53 101.18 1909.573 1909.573 0 0 0.5 0.7 
 
Table E.54​:​ Container Type 3-3 load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
1 1303 13035 20697 7177 19202 939 10409 20697 
2 4571 3918 3968 4019 5829 3039 4848 5829 
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3 1303 13035 20697 7177 19203 939 10409 20697 
4 4571 3918 3968 4019 5830 3039 4848 5830 
5 1303 1117 1167 1218 3030 939 2747 3030 
6 4571 3918 3968 4019 5831 3039 4848 5831 
7 1303 1117 1167 1218 3031 939 2747 3031 
8 4571 3918 3968 4019 5833 3039 4848 5833 
 












H S f1 f2 
1 1812.32 0 404.733 7638.291 7638.291 0 0 0.5 0.7 
2 5789.75 7554.86 404.733 7638.291 7638.291 0 0 0.5 0.7 
3 1812.32 0 404.733 7638.291 7638.291 0 0 0.5 0.7 
4 5789.75 7554.86 404.733 7638.291 7638.291 0 0 0.5 0.7 
5 1812.32 0 404.733 7638.291 7638.291 0 0 0.5 0.7 
6 5789.75 7554.86 404.733 7638.291 7638.291 0 0 0.5 0.7 
7 1812.32 0 404.733 7638.291 7638.291 0 0 0.5 0.7 
8 5789.75 7554.86 404.733 7638.291 7638.291 0 0 0.5 0.7 
 
Table E.56​:​ Container Type 3-4 load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
1 2537 14093 21755 8539 25989 2036 16931 25989 
2 8106 6948 7150 7352 14587 5616 12849 14587 
3 2537 14093 21755 8539 25990 2036 16931 25990 
4 8106 6948 7150 7352 14589 5616 12849 14589 
5 2537 2175 2377 2580 9817 2036 9269 9817 
6 8106 6948 7150 7352 14590 5616 12849 14590 
7 2537 2175 2377 2580 9818 2036 9269 9818 
8 8106 6948 7150 7352 14592 5616 12849 14592 
 
 















H S f1 f2 
1 2041.23 0 607.100 11457.437 3600 0 0 0.5 0.7 
2 6464.75 8513.19 607.100 11457.437 3600 0 0 0.5 0.7 
3 2041.23 0 607.100 11457.437 3600 0 0 0.5 0.7 
4 6464.75 8513.19 607.100 11457.437 3600 0 0 0.5 0.7 
5 2041.23 0 607.100 11457.437 3600 0 0 0.5 0.7 
6 6464.75 8513.19 607.100 11457.437 3600 0 0 0.5 0.7 
7 2041.23 0 607.100 11457.437 3600 0 0 0.5 0.7 
8 6464.75 8513.19 607.100 11457.437 3600 0 0 0.5 0.7 
 
Table E.58​:​ Container Type 3-5 load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
1 2858 2449 2753 3057 13908 2444 13295 13908 
2 9051 19676 27338 14324 35392 6425 24938 35392 
3 2858 2449 2753 3057 13909 2444 13295 13909 
4 9051 7758 8061 8365 19218 6425 17276 19218 
5 2858 2449 2753 3057 13910 2444 13295 13910 
6 9051 7758 8061 8365 19219 6425 17276 19219 
7 2858 2449 2753 3057 13912 2444 13295 13912 
8 9051 7758 8061 8365 19221 6425 17276 19221 
 












H S f1 f2 
1 2041.23 0 607.100 11457.437 3600 0 0 0.5 0.7 
2 6464.75 8513.19 607.100 11457.437 3600 0 0 0.5 0.7 
3 2041.23 0 607.100 11457.437 3600 0 0 0.5 0.7 
4 6464.75 8513.19 607.100 11457.437 3600 0 0 0.5 0.7 
5 2041.23 0 607.100 11457.437 3600 0 0 0.5 0.7 
6 6464.75 8513.19 607.100 11457.437 3600 0 0 0.5 0.7 
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7 2041.23 0 607.100 11457.437 3600 0 0 0.5 0.7 
8 6464.75 8513.19 607.100 11457.437 3600 0 0 0.5 0.7 
 
Table E.60​:​ Container Type 3-6a load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
1 2858 2449 2753 3057 13908 2444 13295 13908 
2 9051 9842 11182 9407 22045 6425 18615 22045 
3 2858 2449 2753 3057 13909 2444 13295 13909 
4 9051 7758 8061 8365 19218 6425 17276 19218 
5 2858 2449 2753 3057 13910 2444 13295 13910 
6 9051 7758 8061 8365 19219 6425 17276 19219 
7 2858 2449 2753 3057 13912 2444 13295 13912 
8 9051 7758 8061 8365 19221 6425 17276 19221 
 












H S f1 f2 
1 2041.23 0 607.100 11457.437 8513.19 0 0 0.5 0.7 
2 6464.75 8513.19 607.100 11457.437 8513.19 0 0 0.5 0.7 
3 2041.23 0 607.100 11457.437 8513.19 0 0 0.5 0.7 
4 6464.75 8513.19 607.100 11457.437 8513.19 0 0 0.5 0.7 
5 2041.23 0 607.100 11457.437 8513.19 0 0 0.5 0.7 
6 6464.75 8513.19 607.100 11457.437 8513.19 0 0 0.5 0.7 
7 2041.23 0 607.100 11457.437 8513.19 0 0 0.5 0.7 
8 6464.75 8513.19 607.100 11457.437 8513.19 0 0 0.5 0.7 
 
Table E.62​:​ Container Type 3-6b load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
1 2858 4534 5873 4099 16736 2444 14634 16736 
2 9051 7758 8061 8365 19217 6425 17276 19217 
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3 2858 4534 5873 4099 16737 2444 14634 16737 
4 9051 7758 8061 8365 19218 6425 17276 19218 
5 2858 2449 2753 3057 13910 2444 13295 13910 
6 9051 7758 8061 8365 19219 6425 17276 19219 
7 2858 2449 2753 3057 13912 2444 13295 13912 
8 9051 7758 8061 8365 19221 6425 17276 19221 
 












H S f1 f2 
1 930.47 0 101.183 1909.573 1600 0 0 0.5 0.7 
2 3264.75 1488.61 101.183 1909.573 1600 0 0 0.5 0.7 
3 930.47 0 101.183 1909.573 1600 0 0 0.5 0.7 
4 3264.75 1488.61 101.183 1909.573 1600 0 0 0.5 0.7 
5 930.47 0 101.183 1909.573 1600 0 0 0.5 0.7 
6 3264.75 1488.61 101.183 1909.573 1600 0 0 0.5 0.7 
7 930.47 0 101.183 1909.573 1600 0 0 0.5 0.7 
8 3264.75 1488.61 101.183 1909.573 1600 0 0 0.5 0.7 
 
Table E.64​:​ Container Type 3-7 load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
1 1303 3201 4540 2260 5855 939 4087 5855 
2 4571 3918 3968 4019 5829 3039 4848 5829 
3 1303 3201 4540 2260 5857 939 4087 5857 
4 4571 3918 3968 4019 5830 3039 4848 5830 
5 1303 1117 1167 1218 3030 939 2747 3030 
6 4571 3918 3968 4019 5831 3039 4848 5831 
7 1303 1117 1167 1218 3031 939 2747 3031 
8 4571 3918 3968 4019 5833 3039 4848 5833 
 















H S f1 f2 
1 930.47 0 101.183 1909.573 1600 0 0 0.5 0.7 
2 3264.75 1488.61 101.183 1909.573 1600 0 0 0.5 0.7 
3 930.47 0 101.183 1909.573 1600 0 0 0.5 0.7 
4 3264.75 1488.61 101.183 1909.573 1600 0 0 0.5 0.7 
5 930.47 0 101.183 1909.573 1600 0 0 0.5 0.7 
6 3264.75 1488.61 101.183 1909.573 1600 0 0 0.5 0.7 
7 930.47 0 101.183 1909.573 1600 0 0 0.5 0.7 
8 3264.75 1488.61 101.183 1909.573 1600 0 0 0.5 0.7 
 
Table E.66​:​ Container Type 3-8 load combination results and maximum load combined with 
incoming load from above containers in pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max Load
1 1303 3201 4540 2260 5855 939 4087 5855 
2 4571 3918 3968 4019 5829 3039 4848 5829 
3 1303 3201 4540 2260 5857 939 4087 5857 
4 4571 3918 3968 4019 5830 3039 4848 5830 
5 1303 1117 1167 1218 3030 939 2747 3030 
6 4571 3918 3968 4019 5831 3039 4848 5831 
7 1303 1117 1167 1218 3031 939 2747 3031 













Live  Roof 
(>20PSF) H S f1 f2 
1 930.47 0 101.183 1909.573 1600 0 0 0.5 0.7 
2 3264.75 1488.61 101.183 1909.573 1600 0 0 0.5 0.7 
3 930.47 0 101.183 1909.573 1600 0 0 0.5 0.7 
4 3264.75 1488.61 101.183 1909.573 1600 0 0 0.5 0.7 
5 930.47 0 101.183 1909.573 1600 0 0 0.5 0.7 
6 3264.75 1488.61 101.183 1909.573 1600 0 0 0.5 0.7 
7 930.47 0 101.183 1909.573 1600 0 0 0.5 0.7 
8 3264.75 1488.61 101.183 1909.573 1600 0 0 0.5 0.7 
 
Table  E.66 :  Container  Type  3-8  load  combination  results  and  maximum  load  combined  with 
incoming  load  from  above  containers  in  pounds. 
Corner 16-1 16-2 16-3 16-4 16-5 16-6 16-7 Max  Load 
1 1303 3201 4540 2260 5855 939 4087 5855 
2 4571 3918 3968 4019 5829 3039 4848 5829 
3 1303 3201 4540 2260 5857 939 4087 5857 
4 4571 3918 3968 4019 5830 3039 4848 5830 
5 1303 1117 1167 1218 3030 939 2747 3030 
6 4571 3918 3968 4019 5831 3039 4848 5831 
7 1303 1117 1167 1218 3031 939 2747 3031 






E.6  Container  Reinforcement  Design 




V X  per  level 
V X   per  row  of 
shear  walls 
(kips) 
V X   per 
container 
(kips) 
V X   per  4’  Shear  Wall  
Factor  of  Safety 
kips/ft lb/ft 
Penthouse 80.9 20.2 0.253 253 16.7 16.7 
Roof 149 37.3 0.466 466 9.0 9.0 
3 582 145.6 1.820 1820 2.3 2.3 
 




V X  per  level 
V X   per  row  of 
shear  walls 
(kips) 
V X   per 
container 
(kips) 
V X   per  4’9”  Shear  Wall  
Factor  of  Safety 
kips/ft lb/ft 
Penthouse 80.9 20.2 1.01 0.213 213 19.8 
Roof 149 37.3 1.87 0.373 373 11.3 
3 582 145.6 7.28 1.456 1456 2.9 
 
Table  E.69 :  Demand  calculations  for  hallway  reinforcement,  using  the  incoming  weight  from  the 
third  floor  hallway  container.  
Calculating  Demand 
Weight  of  1/2  hallway  container  10576.10 
Length  of  Hallway  45 
lbs/ft  per  side  of  hallway  235.02 
Poles/Side  of  hallway  3 
Demand/Pole  3525.35 
 
Table  E.70 :  Selecting  HSS  member  for  hallway  reinforcement  and  checking  against  axial 
buckling  using  Table  4-4  from  AISC.  Assumes  Fy  is  equal  to  50  ksi.  
Section 
Effective 
Length,  Lc  (ft) 
Thickness,  t 
(in) Weight  (lbs/ft) LRFD  (kips) 
Factor  of  Safety 
Against  Demand 
HSS  2  x  2  x 

















E.7  Container  Connections  Design 
 
 
Figure  E.6 :  Specification  sheet  for  MacGregor’s  CV-8  Manual  Twistlock,  used  for  this  project’s 




Figure  E7 :  Specification  sheet  for  Seabox  091913-R00  Vertical  Twistlock  Stacker  SB441.DLA, 




Figure  E8 :  Specification  sheet  for  Seabox  ISO  9001SB1470.CP.RH,  the  deck-mounted  twistlock 
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F.1​: Structural Steel Quantity Takeoffs/ Estimate Assumptions 
Table F.1: ​Steel Beam Takeoffs. 
Beam 






















1.1 W 14x22 A992 46 22 24 8 192 528 0.264 4224 2.112 
1.2 W 14x22 A992 46 22 16 4 64 352 0.176 1408 0.704 
2 W 18x35 A992 88 35 28 7 196 980 0.490 6860 3.430 
3.1 W 14x22 A992 34 22 24 8 192 528 0.264 4224 2.112 
3.2 W 14x22 A992 34 22 16 3 48 352 0.176 1056 0.528 
4 W 14x22 A992 64 22 20 7 140 440 0.220 3080 1.540 
5.1 W 14x22 A992 58 22 24 3 72 528 0.264 1584 0.792 
5.2 W 14x22 A992 58 22 16 1 16 352 0.176 352 0.176 
6.1 W 14x22 A992 96 22 28 4 112 616 0.308 2464 1.232 
6.2 W 14x22 A992 96 22 20 6 120 440 0.220 2640 1.320 
7.1 W12x14 A992 40 14 24 12 288 336 0.168 4032 2.016 
7.2 W12x14 A992 40 14 16 4 64 224 0.112 896 0.448 
8.1 W 14x22 A992 24 22 24 11 264 528 0.264 5808 2.904 
8.2 W 14x22 A992 24 22 16 5 80 352 0.176 1760 0.880 
9.1 W 14x22 A992 58 22 24 8 192 528 0.264 4224 2.112 
9.2 W 14x22 A992 58 22 16 3 48 352 0.176 1056 0.528 
9.3 W 14x22 A992 58 22 12 4 48 264 0.132 1056 0.528 
10 W18x35 A992 106 35 28 7 196 980 0.490 6860 3.430 
11 W14x22 A992 82 22 20 7 140 440 0.220 3080 1.540 
12.1 W12x14 A992 40 14 24 10 240 336 0.168 3360 1.680 
12.2 W12x14 A992 40 14 16 4 64 224 0.112 896 0.448 
12.3 W12x14 A992 40 14 8 2 16 112 0.056 224 0.112 
13.1B W21x223 A992 0 223 24 4 96 5352 2.676 21408 10.704 
13.2B W21x223 A992 0 223 20 3 60 4460 2.230 13380 6.690 
 
Table F.2: ​Steel Column Takeoffs. 















1,2,5 W8x24 A992 24 24 5 120 576 0.288 2880 1.440 
1,2,5 W8x24 A992 24 12 3 36 288 0.144 864 0.432 
3 W8x40 A992 40 24 2 48 960 0.480 1920 0.960 
4 W8x31 A992 31 24 1 24 744 0.372 744 0.372 
6 W8x13 A992 13 12 3 36 156 0.078 468 0.234 
7P W8x24 A992 24 36 3 108 864 0.432 2592 1.296 
8P W8x24 A992 24 12 2 24 288 0.144 576 0.288 
9P W8x31 A992 31 36 1 36 1116 0.558 1116 0.558 
1Brace W12x190 A992 190 36 2 72 6840 3.420 13680 6.840 
2Brace W12x190 A992 190 24 10 240 4560 2.280 45600 22.800 
 
Table F.3: ​Steel Brace Takeoffs. 





















HSS 7 x 7 x 
0.500 42.05 17 8 136 714.85 0.357 5718.800 2.859 
SBR2 
HSS 5 x 5 x 
0.375 
22.3 
17 8 136 380.29 0.190 3042.320 1.521 
SBR3 
HSS 7 x 7 x 
0.500 42.05 16 6 96 672.8 0.336 4036.800 2.018 
SBR4 
HSS 5 x 5 x 






Table F.4: ​Metal Decking Takeoffs. 
Floor Square Foot Squares Sheets 
Level 3 8448 85 
Roof 7680 77 
Totals 16128 162 
 








Cubic feet Cubic yard 
Level 2 8 9216 6144 228 
Level 3 4 7/16  8448 3124 116 





F.2​: Full Structural Steel Estimate 
  
F-4 

































Material Unit Wage Unit Total Cost
Total for Each 
Scope
0100 051223 Beams
0101 051223 W 14x22 1.1 8 EA 24 ft 192 ft 22 plf 2.112 ton 0.211 ton 1500 $/ton 46 1.50 $/ton 100.00 $/ton 3786.12 2.323 ton 20 hr/ton 65 $/hr 3020.16 2.323 ton 1000 $/ton 2323.20
0102 051223 W 14x22 1.2 4 EA 16 ft 64 ft 22 plf 0.704 ton 0.070 ton 1500 $/ton 46 1.50 $/ton 100.00 $/ton 1308.04 0.774 ton 20 hr/ton 65 $/hr 1006.72 0.774 ton 1000 $/ton 774.40
0103 051223 W 18x35 2.0 7 EA 28 ft 196 ft 35 plf 3.430 ton 0.343 ton 1500 $/ton 88 1.50 $/ton 100.00 $/ton 6168.80 3.773 ton 20 hr/ton 65 $/hr 4904.90 3.773 ton 1000 $/ton 3773.00
0104 051223 W 14x22 3.1 8 EA 24 ft 192 ft 22 plf 2.112 ton 0.211 ton 1500 $/ton 34 1.50 $/ton 100.00 $/ton 3768.12 2.323 ton 20 hr/ton 65 $/hr 3020.16 2.323 ton 1000 $/ton 2323.20
0105 051223 W 14x22 3.2 3 EA 16 ft 48 ft 22 plf 0.528 ton 0.053 ton 1500 $/ton 34 1.50 $/ton 100.00 $/ton 980.28 0.581 ton 20 hr/ton 65 $/hr 755.04 0.581 ton 1000 $/ton 580.80
0106 051223 W 14x22 4.0 7 EA 20 ft 140 ft 22 plf 1.540 ton 0.154 ton 1500 $/ton 64 1.50 $/ton 100.00 $/ton 2806.40 1.694 ton 20 hr/ton 65 $/hr 2202.20 1.694 ton 1000 $/ton 1694.00
0107 051223 W 14x22 5.1 3 EA 24 ft 72 ft 22 plf 0.792 ton 0.079 ton 1500 $/ton 58 1.50 $/ton 100.00 $/ton 1480.92 0.871 ton 20 hr/ton 65 $/hr 1132.56 0.871 ton 1000 $/ton 871.20
0108 051223 W 14x22 5.2 1 EA 16 ft 16 ft 22 plf 0.176 ton 0.018 ton 1500 $/ton 58 1.50 $/ton 100.00 $/ton 396.76 0.194 ton 20 hr/ton 65 $/hr 251.68 0.194 ton 1000 $/ton 193.60
0109 051223 W 14x22 6.1 4 EA 28 ft 112 ft 22 plf 1.232 ton 0.123 ton 1500 $/ton 96 1.50 $/ton 100.00 $/ton 2312.32 1.355 ton 20 hr/ton 65 $/hr 1761.76 1.355 ton 1000 $/ton 1355.20
0110 051223 W 14x22 6.2 6 EA 20 ft 120 ft 22 plf 1.320 ton 0.132 ton 1500 $/ton 96 1.50 $/ton 100.00 $/ton 2467.20 1.452 ton 20 hr/ton 65 $/hr 1887.60 1.452 ton 1000 $/ton 1452.00
0111 051223 W12x14 7.1 12 EA 24 ft 288 ft 14 plf 2.016 ton 0.202 ton 1500 $/ton 40 1.50 $/ton 100.00 $/ton 3608.16 2.218 ton 20 hr/ton 65 $/hr 2882.88 2.218 ton 1000 $/ton 2217.60
0112 051223 W12x14 7.2 4 EA 16 ft 64 ft 14 plf 0.448 ton 0.045 ton 1500 $/ton 40 1.50 $/ton 100.00 $/ton 848.48 0.493 ton 20 hr/ton 65 $/hr 640.64 0.493 ton 1000 $/ton 492.80
0113 051223 W 14x22 8.1 11 EA 24 ft 264 ft 22 plf 2.904 ton 0.290 ton 1500 $/ton 24 1.50 $/ton 100.00 $/ton 5147.04 3.194 ton 20 hr/ton 65 $/hr 4152.72 3.194 ton 1000 $/ton 3194.40
0114 051223 W 14x22 8.2 5 EA 16 ft 80 ft 22 plf 0.880 ton 0.088 ton 1500 $/ton 24 1.50 $/ton 100.00 $/ton 1584.80 0.968 ton 20 hr/ton 65 $/hr 1258.40 0.968 ton 1000 $/ton 968.00
0115 051223 W 14x22 9.1 8 EA 24 ft 192 ft 22 plf 2.112 ton 0.211 ton 1500 $/ton 58 1.50 $/ton 100.00 $/ton 3804.12 2.323 ton 20 hr/ton 65 $/hr 3020.16 2.323 ton 1000 $/ton 2323.20
0116 051223 W 14x22 9.2 3 EA 16 ft 48 ft 22 plf 0.528 ton 0.053 ton 1500 $/ton 58 1.50 $/ton 100.00 $/ton 1016.28 0.581 ton 20 hr/ton 65 $/hr 755.04 0.581 ton 1000 $/ton 580.80
0117 051223 W 14x22 9.3 4 EA 12 ft 48 ft 22 plf 0.528 ton 0.053 ton 1500 $/ton 58 1.50 $/ton 100.00 $/ton 1016.28 0.581 ton 20 hr/ton 65 $/hr 755.04 0.581 ton 1000 $/ton 580.80
0118 051223 W18x35 10.0 7 EA 28 ft 196 ft 35 plf 3.430 ton 0.343 ton 1500 $/ton 106 1.50 $/ton 100.00 $/ton 6195.80 3.773 ton 20 hr/ton 65 $/hr 4904.90 3.773 ton 1000 $/ton 3773.00
0119 051223 W14x22 11.0 7 EA 20 ft 140 ft 22 plf 1.540 ton 0.154 ton 1500 $/ton 82 1.50 $/ton 100.00 $/ton 2833.40 1.694 ton 20 hr/ton 65 $/hr 2202.20 1.694 ton 1000 $/ton 1694.00
0120 051223 W12x14 12.1 10 EA 24 ft 240 ft 14 plf 1.680 ton 0.168 ton 1500 $/ton 40 1.50 $/ton 100.00 $/ton 3016.80 1.848 ton 20 hr/ton 65 $/hr 2402.40 1.848 ton 1000 $/ton 1848.00
0121 051223 W12x14 12.2 4 EA 16 ft 64 ft 14 plf 0.448 ton 0.045 ton 1500 $/ton 40 1.50 $/ton 100.00 $/ton 848.48 0.493 ton 20 hr/ton 65 $/hr 640.64 0.493 ton 1000 $/ton 492.80
0122 051223 W12x14 12.3 2 EA 8 ft 16 ft 14 plf 0.112 ton 0.011 ton 1500 $/ton 40 1.50 $/ton 100.00 $/ton 257.12 0.123 ton 20 hr/ton 65 $/hr 160.16 0.123 ton 1000 $/ton 123.20
0123 051223 W21x223 13.1B 4 EA 24 ft 96 ft 223 plf 10.704 ton 1.070 ton 1500 $/ton 0 1.50 $/ton 100.00 $/ton 18839.04 11.774 ton 20 hr/ton 65 $/hr 15306.72 11.774 ton 1000 $/ton 11774.40
0124 051223 W21x223 13.2B 3 EA 20 ft 60 ft 223 plf 6.690 ton 0.669 ton 1500 $/ton 0 1.50 $/ton 100.00 $/ton 11774.40 7.359 ton 20 hr/ton 65 $/hr 9566.70 7.359 ton 1000 $/ton 7359.00


































Material Unit Wage Unit
Total Labor 
Cost
0200 051223 Columns Column ID
0201 051223 W8x24 1,2,5 5 EA 24 ft 120 ft 24 plf 1.440 ton 0.144 ton 1500 $/ton 100.00 $/ton 2534.40 1.584 ton 20 hr/ton 65 $/hr 2059.20 1.584 ton 1000 $/ton 1584.00
0202 051223 W8x24 1,2,5 3 EA 12 ft 36 ft 24 plf 0.432 ton 0.043 ton 1500 $/ton 100.00 $/ton 760.32 0.475 ton 20 hr/ton 65 $/hr 617.76 0.475 ton 1000 $/ton 475.20
0203 051223 W8x40 3 2 EA 24 ft 48 ft 40 plf 0.960 ton 0.096 ton 1500 $/ton 100.00 $/ton 1689.60 1.056 ton 20 hr/ton 65 $/hr 1372.80 1.056 ton 1000 $/ton 1056.00
0204 051223 W8x31 4 1 EA 24 ft 24 ft 31 plf 0.372 ton 0.037 ton 1500 $/ton 100.00 $/ton 654.72 0.409 ton 20 hr/ton 65 $/hr 531.96 0.409 ton 1000 $/ton 409.20
0205 051223 W8x13 6 3 EA 12 ft 36 ft 13 plf 0.234 ton 0.023 ton 1500 $/ton 100.00 $/ton 411.84 0.257 ton 20 hr/ton 65 $/hr 334.62 0.257 ton 1000 $/ton 257.40
0206 051223 W8x24 7P 3 EA 36 ft 108 ft 24 plf 1.296 ton 0.130 ton 1500 $/ton 100.00 $/ton 2280.96 1.426 ton 20 hr/ton 65 $/hr 1853.28 1.426 ton 1000 $/ton 1425.60
0207 051223 W8x24 8P 2 EA 12 ft 24 ft 24 plf 0.288 ton 0.029 ton 1500 $/ton 100.00 $/ton 506.88 0.317 ton 20 hr/ton 65 $/hr 411.84 0.317 ton 1000 $/ton 316.80
0208 051223 W8x31 9P 1 EA 36 ft 36 ft 31 plf 0.558 ton 0.056 ton 1500 $/ton 100.00 $/ton 982.08 0.614 ton 20 hr/ton 65 $/hr 797.94 0.614 ton 1000 $/ton 613.80
0209 051223 W12x190 1Brace 2 EA 36 ft 72 ft 190 plf 6.840 ton 0.684 ton 1500 $/ton 100.00 $/ton 12038.40 7.524 ton 20 hr/ton 65 $/hr 9781.20 7.524 ton 1000 $/ton 7524.00
0210 051223 W12x190 2Brace 10 EA 24 ft 240 ft 190 plf 22.800 ton 2.280 ton 1500 $/ton 100.00 $/ton 40128.00 25.080 ton 20 hr/ton 65 $/hr 32604.00 25.080 ton 1000 $/ton 25080.00




































0301 051223 HSS 7 x 7 x 0.500SBR1 8 EA 17 ft 136 ft 42.05 plf 2.859 ton 0.286 ton 1200 $/ton 100 $/ton 4088.94 3.145 ton 20 hr/ton 65 $/hr 4088.94 3.145 ton 1000 $/ton 3145.34
0302 051223 HSS 5 x 5 x 0.375SBR2 8 EA 17 ft 136 ft 22.37 plf 1.521 ton 0.152 ton 1200 $/ton 100 $/ton 2175.26 1.673 ton 20 hr/ton 65 $/hr 2175.26 1.673 ton 1000 $/ton 1673.28
0303 051223 HSS 7 x 7 x 0.500SBR3 6 EA 16 ft 96 ft 42.05 plf 2.018 ton 0.202 ton 1200 $/ton 100 $/ton 2886.31 2.220 ton 20 hr/ton 65 $/hr 2886.31 2.220 ton 1000 $/ton 2220.24
0304 051223 HSS 5 x 5 x 0.375SBR4 6 EA 16 ft 96 ft 22.37 plf 1.074 ton 0.107 ton 1200 $/ton 100 $/ton 1535.48 1.181 ton 20 hr/ton 65 $/hr 1535.48 1.181 ton 1000 $/ton 1181.14








































Decking Level 3 85 sq 9 sq 250 $/sq 23375
0402 053100
Metal 

































Material Unit Wage Unit
Total Labor 
Cost
0600 033105 Structural Concrete
0601 033105 Structural ConcreteLev l 2 228 cy 22.76 127.55$/cy 31927.15 250 cy
0602 033105 Structural ConcreteLev l 3 116 cy 11.57 127.55$/cy 16233.79 127 cy
0603 033105 Structural ConcreteRoof 105 cy 10.52 127.55$/cy 14757.99 116 cy
Total 448 62918.93 62918.93
Material Total 266407.28 Fabrication Labor Total 129641.97 Erection Labor Total 99724.59
Other Equipment
Equipment Wage Unit Qty Unit Total
Concrete Pump - Interstate Pumping 47M 295 $/hr 18 hr 5310
Hydraulic Crane - Terex-T780-1 (operated) 295 $/hr 45 hr 13275
Mobilization 1000 $/mob 4 mob 4000 22585.00
TOTAL COST OF STEEL ($) 518358.85
TOTAL SHIPPING COSTS 5000
TOTAL PIECES OF STEEL 195
TOTAL COST/SF 29.63
 
F.3​: Shipping Container Quotes and Assumptions 
 
















F.4​: Shipping Container Estimate 
 
Table F.6: ​Container Connections material take-offs, labor and equipment, and subs and services cost. 
Bid Item #1 - Unit 
Estimate 
Quantity Material, $ Labor & Equipment $ 
Subs & 
Services $ TOTAL 
Container 
Connections   Unit M $ $/hr 
Duration 
(day) L&E $ 0  
Seabox Vertical 
Semi-Automatic 
Twistlock EA 96 $68.00 $6,528.00 $ -0 0 $ - 0 $6,528.00 
Horizontal 
Twistlock EA 360 $58.00 $20,880.00 0 0 0 0 $20,880.00 
Seabox Container 
to Concrete 
Connection EA 108 $437.00 $47,196.00 0 0 0 0 $47,196.0 
TOTAL  564  $74,604.00   0 0 $74,604.00 
General 
Comment(s) 
Installation labor included with cost of containers. Costs per Seabox. Unable to receive 
an answer back from MacGregor on cost, so horizontal twistlock cost is estimated 
based upon similar Seabox horizontal twistlock pricing (Bridge Fitting). 
 
Table F.7: ​Container (With New 20 foot High-Cube containers) material take-offs, labor and 
equipment, and subs and services cost. 
Bid Item #2 - Unit 
Estimate 
Quantity Material, $ Labor & Equipment $ 
Subs & 
Services $ TOTAL 
Containers (W/ 
Brand New 20' 
H.C.)   Unit M $ $/hr 
Duration 
(day) L&E $   
20' High Cube EA 84 
$4,248.
00 $356,832.00 325 13.125 34125 73040.625 $390,957.00 
40' High Cube EA 1 
$2,850.
00 $2,850.00 325 0.125 325 695.625 $3,175.00 
45' High Cube EA 7 
$3,725.
00 $26,075.00 325 0.875 2275 4869.375 $28,350.00 
20' Flatrack EA 0 
$3,565.




per Container EA 92      $13,800.00 $13,800.00 
F-9 
 
TOTAL    $399,557.00  14.125 36725 78605.625 $514,887.63 
General 
Comment(s) 
265 Ton Crane with 2 counterweights and 100 Ton Crane. Four man Crew ( 3 Laborers, 




Table F.8: ​Container (With New 20 foot High-Cube containers) material take-offs, labor and 
equipment, and subs and services cost. 
Bid Item #3 - Unit 
Estimate 
Quantity Material, $ Labor & Equipment $ 
Subs & 
Services $ TOTAL 
Containers (With 
Used 20' H.C.)   Unit M $ $/hr 
Duration 
(day) L&E $   
20' High Cube EA 84 
$2,741.
00 $230,244.00 325 13.125 34125 73040.625 $264,369.00 
40' High Cube EA 1 
$2,850.
00 $2,850.00 325 0.125 325 695.625 $3,175.00 
45' High Cube EA 7 
$3,725.
00 $26,075.00 325 0.875 2275 4869.375 $28,350.00 
20' Flatrack EA 0 
$3,565.




per Container EA 92 $150.00  0 0 0 $13,800.00 $13,800.00 
TOTAL    $272,969.00  14.125 36725 78605.625 $388,299.63 
General 
Comment(s) 
265 Ton Crane with 2 counterweights and 100 Ton Crane. Four man Crew ( 3 Laborers, 
















Table F.9: ​Reinforcement material take-offs, labor and equipment, and subs and services cost. 
Bid Item #4 - Unit 
Estimate 
Quantity Material, $ Labor & Equipment $ 
Subs & 
Services $ TOTAL 
Reinforcement   Unit M $ $/hr 
Duration 
(day) L&E $   
Door EA 68 42.52 $2,891.43 $ -  $ -  $ - 
Window EA 35 42.52 $1,488.24     $ - 
40' Hallway (1 
Post) EA 12 33.48 $401.78      
TOTAL    $4,781.45   $ - $ - $4,781.45 
General 
Comment(s) Pricing from Sunsteel and includes installation cost. 
 
Table F.10: ​Container modifications material take-offs, labor and equipment, and subs and 
services cost. 
Bid Item #5 - Unit 
Estimate 
Quantity Material, $ Labor & Equipment $ 
Subs & 
Services $ TOTAL 
Container 
Modifications   Unit M $ $/hr 
Duration 
(day) L&E $   
Window Cutout EA 74 $400.00 $29,600.00 $ -  $ -  $ - 
20' Door Removal EA 96 $0.00 $0.00     $ - 
Hallway Door 
Removal EA 28 $0.00 $0.00      
Door Cutout EA 33 $900.00 $29,700.00      
Hallway Long 
Wall Cutout EA 4 
$1,603.
00 $6,412.00      
Hallway Short 
Wall Cutout EA 0 $643.00 $0.00      
20' Wall Removal EA 10 
$1,339.
00 $13,390.00      
TOTAL    $79,102.00   $ - $ - $79,102.00 
General 
Comment(s) 
Can be performed either onsite or by sub. Prices reflect the price of subbing out to 




F.5​: Overall Project Quantity Take Offs/Estimate Assumptions 
 
Table F.11: ​Overall project quantity takeoffs. 
 Level 1 Level 2 Level 3 Roof Total 
Windows 10 36 32 0 78 
Exterior Doors 4 1 1 1 7 
Interior Doors 11 39 34 0 84 
Residential Units 0 29 25 0 54 
Toilet Partitions - cube 0 14 14 0 28 
Toilet Paper Dispenser 0 10 10 0 20 
Grab Bar 0 6 6 0 12 
Towel Dispenser 0 6 6 0 12 
Toilet (Pair of 4) 0 2 2 0 4 
Sinks - Regular 0 10 10 0 20 
Sinks - ADA 0 2 2 0 4 
Shower 0 6 6 0 12 
Bathroom, three fixture, two 
wall plumbing 
0 2 2 0 4 
 
Table F.12: ​Stair treads takeoffs. 
Floor Floor Heights Treads 
Sub Grade 11.5 59.14 
Level 1 14 72.00 
Level 2 12 61.71 
Level 3 12 61.71 
Totals  255 
 
Table F.13: ​Ceiling and floor finishes takeoffs in square foot. 
Level 1 4224 
Level 2 9216 
Level 3 8448 
Roof 7680 







Table F.14: ​Partition takeoffs.  
 








Level 1 144 2016 231 1785 
Level 2 1480 17760 819 16941 
Level 3 1320 15840 714 15126 
   Total 33852 
 
Table F.15: ​Floor base takeoffs in linear feet.  
Level 1 452 
Level 2 2476 
Level 3 2300 
Total 5228 
 
Table F.16: ​Demolition takeoffs in linear feet.  
Site Total Area 0.35 acres 






F.6​: Overall Project Estimate  
  
F-14 
Source No. Div. Item Description Quantity Unit Cost Unit Material Material Total Installation Installation Total Total
02 00 00 - Existing Conditions
02 21 13.09 Topographic Survey 0.35 ACRE ACRE 300.2 105.07 105.07
02 41 13.13 Curb and Gutter Removal 268.18 LF LF 2.810015661 753.59 753.59
3 41 13.13 Pavement Removal 5360 SF SF 0.92 4931.20 4931.20
02 41 16.13 Building Demolition 122912.0055 CF CF 0.2299999897 28269.76 28269.76
02 82 33
Removal and Disposal of Asbestos 
Containing Materials 7490 SF SF 3 22470.00 22470.00
56529.62
03 00 00 - Concrete
RS Means - Square Foot Costs 03 00 00 Standard Foundations, Strip Footings Load 22 klf, soil cpacity 6 ksf, 48" wide, 16" deep, reinforced 480 LF LF 39 18720.00 38 18240.00 36960.00
RS Means - Square Foot Costs 03 00 00 Standard Foundations, Spread Footings Load 125,k, soil capacity 6 ksf, 5' sq, 16" deep 9 Each Each 231 2079.00 325 2925.00 5004.00
RS Means - Square Foot Costs 03 00 00 Slab on Grade 6" thick, non industrial, reinforced 9216 SF SF 3.59 33085.44 3.49 32163.84 65249.28
RS Means - Square Foot Costs 03 00 00 Slab on Grade Site preparation for slab and trench for foundation/footing 9126 SF SF 0.11 1003.86
Concrete Podium
03 21 11 Plain Steel Reinforcement Bars
03 31 23 High Performance Structural Concrete
Concrete Podium Slab on Deck-CIP Beam and Slab One Way - 25*25 - 
6" deck 9216 SF SF 7.8 71884.80 14.85 136857.60 208742.40
03 31 23 High Performance Structural Concrete Concrete Columns - 16" 378 VLF VLF 28 10584.00 88.5 33453.00 44037.00
360996.54
05 00 00 - Metals
Sunsteel, LLC - Carey Lee 05 51 00 Stairs 2 sets of stairs 255 Treads Treads 600 153000.00
08 00 00 - Openings
RS Means - Square Foot Costs 08 10 00 Interior Door
Interior Single Leaf Doors, Frames, and Hardware, 3'x7'x1 3/8", Birch, 
Solid Core 84 Each Each 500 42000.00 233 19572.00 42000.00
RS Means - Square Foot Costs 08 10 00 Exterior Doors Wide Stile, w/ hardware (3' x 7') Glazed Door 7 Each Each 3000 21000.00 1050 7350.00 21000.00
RS Means - Square Foot Costs 08 50 00 Exterior Windows Double Hung, insulated glass, 3' x 5'6" 78 Each Each 360 28080.00 310 24180.00 28080.00
91080.00
09 00 00 - Finishes
RS Means - Square Foot Costs 09 00 00 Partitions
5/8" FR drywall, 1/4" SD gypsum , 2x4 16" o.c., 5/8" FR drywall on 
opposite face, 1 1/2" fiberglass insulation 33852 SF of Partition SF 2.29 77521.08 5.1 172645.20 77521.08
RS Means - Online Building Construction Costs 09 53 00 Ceiling Finishes Class A Suspension, 15/16" T Bar, 2' x 4' grid 21888 SF SF 0.7 15321.60 0.65 14227.20 15321.60
RS Means - Online Building Construction Costs 09 53 00 Ceiling Finishes For fire rated grid, 21888 SF SF 0.1 2188.80 0.00 2188.80
RS Means - Online Building Construction Costs 09 65 13 Floor Finishes Resilient Base, Cove, 0.08" thick, 4" high 5228 LF LF 1.11 5803.08 1.32 6900.96 5803.08
RS Means - Online Building Construction Costs 09 65 16.10 Floor Finishes Rubber and Vinyl Sheet Flooring, Linoleum 21888 SF SF 4.4 96307.20 1.15 25171.20 96307.20
RS Means - Square Foot Costs 09 90 00 Wall Finishes 95% Paint, 5% Ceramic Wall Tile 67704 SF 2.62 177384.48
374526.24
10 00 00 - Specialties
RS Means - Square Foot Costs 10 21 00 Toilet Partitions Cubicles, plastic laminate 28 Each Each 610 17080.00 315 8820.00 17080.00
RS Means - Square Foot Costs 10 28 13 Toilet Accessories Toilet Tissue Dispenser, surfaced mounted, single roll 20 Each Each 19.45 389.00 21 420.00 389.00
RS Means - Square Foot Costs 10 28 13 Toilet Accessories Surface Mounted Towel Dispenser 12 Each Each 47.5 570.00 39 468.00 570.00
RS Means - Square Foot Costs 10 28 13 Toilet Accessories Grab Bar, 1 1/4" diameter 12" long 12 Each Each 0.00 0.00 0.00
18039.00
11 00 00 - Equipment
RS Means - Square Foot Costs 11 21 73 Laundry Appliances Dryer, gas, 16 lb capacity, 8 Each Each 1050 8400.00
RS Means - Square Foot Costs 11 21 73 Laundry Appliances Washer, 4 cycle 8 Each Each 1325 10600.00
RS Means - Square Foot Costs 11 40 00 Foodservice Equipment Counter Top Cook Tops, 4 burner 2 Each Each 2000 4000.00
RS Means - Square Foot Costs 11 40 00 Foodservice Equipment Combination Range, Refrigerator, Sink, Microwave Oven, and Icemaker 2 Each Each 7250 14500.00
RS Means - Square Foot Costs 11 40 00 Foodservice Equipment Dishwasher, built in, 2 cycles 2 Each Each 1225 2450.00
39950.00
12 00 00 - Furnishings
LifeMoves - Joanne Price 12 58 00 Residential Furniture FF&E per Joanne 54 Rooms Each 1000 54000.00
14 00 00 - Conveying Equipment
Source No. Div. Item Description Quantity Unit Cost Unit Material Material Total Installation Installation Total Total
RS Means - Square Foot Costs 14 20 00 Elevator Elevators, Hydrulic Passenger, 2 stops, 2500# capacity 1 Each Each 76000 76000.00
RS Means - Square Foot Costs 14 20 00 Elevator For each additional stop 3 Each Each 8500 25500.00
101500.00
22 00 00 - Plumbing
RS Means - Square Foot Costs 22 00 00 Plumbing 34560 SF SF 6 207360.00
RS Means - Square Foot Costs 22 41 00 Plumbing Fixtures - Toilet Water close, battery mount, back to bsvk, first pair of closets 1 Each Each 4675 4675.00 1250 1250.00 4675.00
RS Means - Square Foot Costs 22 41 00 Plumbing Fixtures - Toilet Each additional pair of closests 3 Each Each 4600 13800.00 1225 3675.00 13800.00
RS Means - Square Foot Costs 22 41 00 Plumbing Fixtures - Sink Wall hung, vitreous china, 19"x17" 20 Each Each 665 13300.00 915 18300.00 13300.00
RS Means - Square Foot Costs 22 41 00 Plumbing Fixtures - Sink Wall hung, vitreous china, 20"x27" handicap 4 Each Each 1575 6300.00 985 3940.00 6300.00
RS Means - Square Foot Costs 22 41 00 Shower Systems Shower, stall, fiberglass one piece, three walls, 36" square 12 Each Each 775 9300.00 915 10980.00 9300.00
RS Means - Square Foot Costs 22 41 00 Bathroom, three fixture, two wall plumbing water closet, lavatory, bathtub 4 Each Each 3200 12800.00 2625 10500.00 12800.00
267535.00
23 00 00 - Heating, Ventilation, and Air Conditioning
RS Means - Square Foot Costs 23 00 00 Mechanical 34560 SF SF 14.8 511488.00
26 00 00 - Electrical 
RS Means - Square Foot Costs 26 00 00 Electrical 34560 SF SF 15.25 527040.00
28 00 00 - Electronic Safety and Security
RS Means - Square Foot Costs 28 20 00 Closed Circuit Video Surveillance Camera and Monitor, One Station 1 Each Each 1350 1350.00
RS Means - Square Foot Costs 28 20 00 Closed Circuit Video Surveillance For additional camera stations, add 20 Each Each 610 12200.00
RS Means - Square Foot Costs 28 40 00 Life Safety Smoke Detectors, Ceiling Type 72 Each Each 251 18072.00
31622.00
31 00 00 - Earthwork
31 22 00 Grading Rough and Fine Grading of lot 15860.9825 SF l.F 9.2 145921.04 4.85 76925.77 222846.80
31 23 16 Excavation Excavating slab on grade and footings 75 SF l.F 0 0.00 4.85 363.75 363.75
31 23 16.13 Trenching Excavating 2'x2' loam and sandy clay 640 LF l.F 0 0.00 4.85 3104.00 3104.00
31 23 16.13 Trenching Excavating to lay new stormwater pipes 211.14 LF l.F 9.2 1942.49 4.85 1024.03 2966.52
31 23 23.13 Backfill Backfilling extra dirt 92.614 SF l.F 9.2 852.05 4.85 449.18 1301.23
230582.30
32 00 00 - Exterior Improvements 
RS Means - Online Building Construction Costs 32 14 16 Paving Specialties Brick Paving, without joists 2304 sf sf 68.4 17717.00 0 0.00 17717.00
RS Means - Online Building Construction Costs 32 16 13 Paving Specialties Cast In Place Concrete Curbs and Gutters 565.5 LF LF 0.34 192.27 0.23 130.07 322.34
32 84 00 Planting Irrigation Underground sprinklers irrigation system 2700 SF SF 0.65 1755.00 1755.00
32 92 00 Turf and Grasses Bluegrass sod on level ground, 1000SF 2.7 MSF MSF 389.6296296 1052.00 1052.00
Parking Lot Asphaltic concrete, 2" binder 2" asphalt 2160 sf SF 2.65 5724.00 5724.00
Exterior Partition Wall 24960 lf SF 0.00948 236.62 236.62
26806.96
Total 4408288.73
San Jose Residential Factor x 1.3 5730775.35
Cost per Square Foot 165.82
 
F.7​: Shipping Container Schedule Productivity Rates 
 
Table F.17: ​Productivity Rates for Installing Shipping Containers onsite. Assumes six containers 
can be installed per day. 
Activity Description Productivity Time (min) 
Rigging Container to Crane 5  
Transporting Container 5 
Attaching Container 60 
Contingency Time 5 


































Cranes |Range Diagram and Lifting Capacity     |    T775
Dimensions are for largest
factory furnished hook block
and hook & ball, with anti-two
block activated
CRANE WORKING CONDITIONS REDUCTION IN MAIN BOOM CAPACITY
All jib in stowed position 0 lb
Aux. boom in head sheave 100lb
HOOK BLOCK WEIGHTS
12T Hook & ball 419 lb






F. BUMPER 1,000 LB
40’-126’
W/AUX. WINCH 13,450 LB




75 TON LIFTING CAPACITY 
RANGE DIAGRAM 40’ - 126’ BOOM
           
TRUCK CRANE
T775
LIFTING CAPACITIES CAUTION: Do not use this specification sheet as a load rating chart. The format of data is not consistent with the machine chart and may be subject to change
USE THESE CHARTS ONLY
WHEN ALL OUTRIGGERS
ARE FULLY EXTENDED
BOOM LENGTH 90’ BOOM LENGTH 102’ BOOM LENGTH 114’ BOOM LENGTH 126’
LOADED LOADED LOADED LOADED
LOAD BOOM OVER BOOM OVER BOOM OVER BOOM OVER LOAD
RADIUS ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º RADIUS
(FT) (DEG) (LB) (LB) (DEG) (LB) (LB) (DEG) (LB) (LB) (DEG) (LB) (LB) (FT)
20 74.5 56,300* 56,300* 20
25 71.2 48,100* 48,100* 73.5 42,000* 42,000* 25
30 67.7 41,800* 41,800* 70.5 36,500* 36,500* 72.6 31,600* 31,600* 30
35 64.2 36,700* 36,700* 67.4 32,200* 32,200* 70.0 29,600* 29,600* 71.9 24,800* 24,800* 35
40 60.5 33,000* 33,000* 64.3 28,700* 28,700* 67.2 26,300* 26,300* 69.5 24,700* 24,700* 40
45 56.7 27,700 27,700 61.1 25,800* 25,800* 64.4 23,600* 23,600* 67.0 22,200* 22,200* 45
50 52.8 23,200 23,200 57.8 23,400 23,400* 61.5 21,500* 21,500* 64.5 20,100* 20,100* 50
55 48.5 19,800 19,800 54.4 19,900 19,900 58.6 19,600* 19,600* 62.0 18,300* 18,300* 55
60 44.0 16,900 16,900 50.8 17,100 17,100 55.6 17,200 17,200 59.3 16,700* 16,700* 60
65 39.1 14,600 14,600 47.0 14,800 14,800 52.5 14,900 14,900 56.6 15,000 15,000 65
70 33.5 12,700 12,700 42.9 12,900 12,900 49.1 13,000 13,000 53.8 13,100 13,100 70
75 26.9 11,100 11,100 38.5 11,200 11,200 45.7 11,400 11,400 50.9 11,500 11,500 75
80 18.1 9,600 9,600 33.5 9,900 9,900 42.0 10,000 10,000 47.8 10,100 10,100 80
85 ** 27.8 8,600 8,600 38.0 8,800 8,800 44.6 8,900 8,900 85
90 20.6 7,600 7,600 33.5 7,800 7,800 41.2 7,800 7,800 90
95 8.6 6,600 6,600 28.5 6,800 6,800 37.5 6,900 6,900 95
100 ** 22.4 5,900 5,900 33.5 6,100 6,100 100
105 13.9 5,200 5,100 29.0 5,300 5,300 105
110 ** 23.7 4,700 4,600 110
115 16.9 4,000 4,000 115
ON OUTRIGGERS - FULLY EXTENDED AND WITH 15,000 LB COUNTERWEIGHT
ON OUTRIGGERS - FULLY EXTENDED AND WITH 15,000 LB COUNTERWEIGHT
BOOM LENGTH 40’ BOOM LENGTH 54’ BOOM LENGTH 66’ BOOM LENGTH 78’
LOAD OVER LOAD OVER LOAD OVER LOAD OVER
RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º
(FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB)
33.9 28,600* 28,600* 47.9 19,100* 19,100* 59.9 14,200* 14,200* 71.9 10,800* 10,800*
**MAXIMUM CAPACITY AT 0 DEGREE BOOM ANGLE
BOOM LENGTH 40’ BOOM LENGTH 54’ BOOM LENGTH 66’ BOOM LENGTH 78’
LOADED LOADED LOADED LOADED
LOAD BOOM OVER BOOM OVER BOOM OVER BOOM OVER LOAD
RADIUS ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º RADIUS
(FT) (DEG) (LB) (LB) (DEG) (LB) (LB) (DEG) (LB) (LB) (DEG) (LB) (LB) (FT)
10 69.4 150,000* 150,000* 74.9 102,600* 102,600* 10
12 66.2 125,700* 125,700* 72.7 102,600* 102,600* 12
15 61.2 109,000* 109,000* 69.3 100,600* 100,600* 73.2 80,700* 80,700* 15
20 52.3 84,600* 83,900* 63.4 85,400* 84,900* 68.5 72,000* 72,000* 72.0 62,300* 62,300* 20
25 41.9 65,600* 65,600* 57.1 66,600* 66,600* 63.7 64,900* 64,900* 68.1 55,800* 55,800* 25
30 28.4 52,300 52,300* 50.2 53,700 53,700* 58.7 54,100 54,100* 64.0 49,800* 49,800* 30
35 ** 43.1 41,000 41,000* 53.3 41,600 41,600* 59.7 41,800 41,800* 35
40 33.5 32,600 32,600 47.5 33,200 33,200 55.3 33,500 33,500 40
45 20.9 26,500 26,500 41.0 27,200 27,200 50.6 27,500 27,500 45
50 ** 33.5 22,600 22,600 45.5 23,000 23,000 50
55 23.9 19,100 19,100 39.9 19,500 19,500 55
60 ** 33.5 16,700 16,700 60
65 25.7 14,300 14,300 65
70 14.0 12,400 12,400 70
75 ** 75
BOOM LENGTH 90’ BOOM LENGTH 102’ BOOM LENGTH 114’ BOOM LENGTH 126’
LOAD OVER LOAD OVER LOAD OVER LOAD OVER
RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º
(FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB)
83.9 8,300* 8,300* 95.9 6,400* 6,400* 107.9 4,800 4,700 119.9 3,500 3,400
‘’MAXIMUM CAPACITY AT 0 DEGREE BOOM ANGLE
            
TRUCK CRANE
T775
LIFTING CAPACITIES CAUTION: Do not use this specification sheet as a load rating chart. The format of data is not consistent with the machine chart and may be subject to change
USE THESE CHARTS ONLY
WHEN ALL OUTRIGGERS
ARE FULLY EXTENDED
BOOM LENGTH 90’ BOOM LENGTH 102’ BOOM LENGTH 114’ BOOM LENGTH 126’
LOADED LOADED LOADED LOADED
LOAD BOOM OVER BOOM OVER BOOM OVER BOOM OVER LOAD
RADIUS ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º RADIUS




20 74.5 56,300* 58,300* 20
25 71.2 48,100* 48,100* 73.5 42,000* 42,000* 25
30 67.7 41,800* 41,800* 70.5 36,500* 36,500* 72.6 31,600* 31,600* 30
35 64.2 36,700* 36,700* 67.4 32,200* 32,200* 70.0 29,600* 29,600* 71.9 24,800* 24,800* 35
40 60.5 31,500 31,500 64.3 28,700* 28,700* 67.2 26,300* 26,300* 69.5 24,700* 24,700* 40
45 56.7 25,800 25,800 61.1 25,800* 25,800* 64.4 23,600* 23,600* 67.0 22,200* 22,200* 45
50 52.8 21,600 21,600 57.8 21,700 21,700 61.5 21,500* 21,500* 64.5 20,100* 20,100* 50
55 48.5 18,300 18,200 54.4 18,400 18,300 58.6 18,500 18,400 62.0 18,300* 18,300* 55
60 44.0 15,600 15,500 50.8 15,800 15,600 55.6 15,900 15,700 59.3 15,900 15,800 60
65 39.1 13,400 13,200 47.0 13,600 13,400 52.5 13,700 13,500 56.6 13,800 13,500 65
70 33.5 11,600 11,400 42.9 11,800 11,500 49.1 11,900 11,600 53.8 12,000 11,700 70
75 26.9 10,000 9,800 38.5 10,200 10,000 45.7 10,300 10,100 50.9 10,400 10,200 75
80 18.1 8,700 8,400 33.5 8,900 8,600 42.0 9,000 8,800 47.8 9,100 8,900 80
85 ** 27.8 7,700 7,500 38.0 7,900 7,600 44.6 8,000 7,700 85
90 20.6 6,700 6,500 33.5 6,800 6,600 41.2 7,000 6,700 90
95 8.6 5,800 5,600 28.5 6,000 5,700 37.5 6,100 5,900 95
100 ** 22.4 5,200 5,000 33.5 5,300 5,100 100
105 13.9 4,400 4,200 29.0 4,600 4,400 105
110 ** 23.7 3,900 3,700 110
115 16.9 3,300 3,200 115
ON OUTRIGGERS - FULLY EXTENDED AND WITH 11,000 LB COUNTERWEIGHT
ON OUTRIGGERS - FULLY EXTENDED AND WITH 11,000 LB COUNTERWEIGHT
BOOM LENGTH 40’ BOOM LENGTH 54’ BOOM LENGTH 66’ BOOM LENGTH 78’
LOAD OVER LOAD OVER LOAD OVER LOAD OVER
RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º
(FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB)
33.9 28,600* 28,600* 47.9 19,100* 19,100* 59.9 14,200* 14,200* 71.9 10,600 10,400
**MAXIMUM CAPACITY AT 0 DEGREE BOOM ANGLE
BOOM LENGTH 40’ BOOM LENGTH 54’ BOOM LENGTH 66’ BOOM LENGTH 78’
LOADED LOADED LOADED LOADED
LOAD BOOM OVER BOOM OVER BOOM OVER BOOM OVER LOAD
RADIUS ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º RADIUS
(FT) (DEG) (LB) (LB) (DEG) (LB) (LB) (DEG) (LB) (LB) (DEG) (LB) (LB) (FT)
10 69.4 150,000* 150,000* 74.9 102,600* 102,600* 10
12 66.2 125,700* 125,700* 72.7 102,600* 102,600* 12
15 61.2 109,000* 109,000* 69.3 100,600* 100,600* 73.2 80,700* 80,700* 15
20 52.3 82,100* 82,100* 63.4 83,200* 83,200* 68.5 72,000* 72,000* 72.0 62,300* 62,300* 20
25 41.9 63,500* 63,500* 57.1 64,600* 64,600* 63.7 64,900* 64,900* 68.1 55,800* 55,800* 25
30 28.4 49,100 49,100* 50.2 50,500 50,500* 58.7 50,900 50,900* 64.0 49,800* 49,800* 30
35 ** 43.1 38,500 38,500 53.3 39,000 39,000 59.7 39,300 39,300 35
40 33.5 30,400 30,400 47.5 31,000 31,000 55.3 31,300 31,300 40
45 20.9 24,700 24,700 41.0 25,300 25,300 50.6 25,700 25,700 45
50 ** 33.5 21,000 21,000 45.5 21,400 21,400 50
55 23.9 17,600 17,600 39.9 18,000 18,000 55
60 ** 33.5 15,300 15,200 60
65 25.7 13,100 12,900 65
70 14.0 11,300 11,100 70
75 ** 75
BOOM LENGTH 90’ BOOM LENGTH 102’ BOOM LENGTH 114’ BOOM LENGTH 126’
LOAD OVER LOAD OVER LOAD OVER LOAD OVER
RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º
(FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB)
83.9 7,700 7,500 95.9 5.600 5,400 107.9 4,000 3,800 119.9 2,800 2,600
**MAXIMUM CAPACITY AT 0 DEGREE BOOM ANGLE
            
TRUCK CRANE
T775
LIFTING CAPACITIES CAUTION: Do not use this specification sheet as a load rating chart. The format of data is not consistent with the machine chart and may be subject to change
USE THESE CHARTS ONLY
WHEN ALL OUTRIGGERS
ARE FULLY EXTENDED
BOOM LENGTH 90’ BOOM LENGTH 102’ BOOM LENGTH 114’ BOOM LENGTH 126’
LOADED LOADED LOADED LOADED
LOAD BOOM OVER BOOM OVER BOOM OVER BOOM OVER LOAD
RADIUS ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º RADIUS




20 74.5 56,300* 56,300* 20
25 71.2 48,100* 48,100* 73.5 42,000* 42,000* 25
30 67.7 41,800* 41,800* 70.5 36,500* 36,500* 72.6 31,600* 31,600* 30
35 64.2 35,900 35,900* 67.4 32,200* 32,200* 70.0 29,600* 29,600* 71.9 24,800* 24,800* 35
40 60.5 28,600 28,600 64.3 28,700* 28,700* 67.2 26,300* 26,300* 69.5 24,700* 24,700* 40
45 56.7 23,300 23,300 61.1 23,400 23,400 64.4 23,500 23,500* 67.0 22,200* 22,200* 45
50 52.8 19,400 19,400 57.8 19,500 19,500 61.5 19,600 19,600 64.5 19,700 19,700 50
55 48.5 16,300 16,200 54.4 16,400 16,300 58.6 16,500 16,400 62.0 16,600 16,500 55
60 44.0 13,800 13,600 50.8 14,000 13,700 55.6 14,100 13,800 59.3 14,200 13,900 60
65 39.1 11,800 11,500 47.0 12,000 11,600 52.5 12,100 11,700 56.6 12,200 11,800 65
70 33.5 10,100 9,700 42.9 10,300 9,900 49.1 10,400 10,000 53.8 10,500 10,100 70
75 26.9 8,600 8,200 38.5 8,800 8,400 45.7 9,000 8,500 50.9 9,100 8,600 75
80 18.1 7,400 7,000 33.5 7,600 7,200 42.0 7,700 7,300 47.8 7,900 7,400 80
85 ** 27.8 6,500 6,100 38.0 6,700 6,200 44.6 6,800 6,300 85
90 20.6 5,600 5,100 33.5 5,700 5,300 41.2 5,800 5,400 90
95 8.6 4,700 4,300 28.5 4,900 4,500 37.5 5,000 4,600 95
100 ** 22.4 4,100 3,700 33.5 4,300 3,800 100
105 13.9 3,500 3,000 29.0 3,600 3,200 105
110 ** 23.7 3,000 2,600 110
115 16.9 2,500 2,100 115
ON OUTRIGGERS - FULLY EXTENDED AND WITH 7,000 LB COUNTERWEIGHT
ON OUTRIGGERS - FULLY EXTENDED AND WITH 7,000 LB COUNTERWEIGHT
BOOM LENGTH 40’ BOOM LENGTH 54’ BOOM LENGTH 66’ BOOM LENGTH 78’
LOAD OVER LOAD OVER LOAD OVER LOAD OVER
RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º
(FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB)
33.9 28,600* 28,600* 47.9 19,100* 19,100* 59.9 13,100 12,900 71.9 9,200 8.800
**MAXIMUM CAPACITY AT 0 DEGREE BOOM ANGLE
BOOM LENGTH 40’ BOOM LENGTH 54’ BOOM LENGTH 66’ BOOM LENGTH 78’
LOADED LOADED LOADED LOADED
LOAD BOOM OVER BOOM OVER BOOM OVER BOOM OVER LOAD
RADIUS ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º RADIUS
(FT) (DEG) (LB) (LB) (DEG) (LB) (LB) (DEG) (LB) (LB) (DEG) (LB) (LB) (FT)
10 69.4 150,000* 149,400* 74.9 102,600* 102,600* 10
12 66.2 125,700* 125,700* 72.7 102,600* 102,600* 12
15 61.2 109,000* 106,400* 69.3 100,600* 100,600* 73.2 80,700* 80,700* 15
20 52.3 79,700* 79,700* 63.4 80,700* 80,700* 68.5 72,000* 72,000* 72.0 62,300* 62,300* 20
25 41.9 61,600* 61,600* 57.1 62,600* 62,600* 63.7 63,200* 63,200* 68.1 55,800* 55,800* 25
30 28.4 44,700 44,700* 50.2 46,100 46,100* 58.7 46,500 46,500* 64.0 46,800 46,800* 30
35 ** 43.1 35,000 35,000 53.3 35,500 35,500 59.7 35,700 35,700 35
40 33.5 27,500 27,500 47.5 28,100 28,100 55.3 28,400 28,400 40
45 20.9 22,100 22,100 41.0 22,800 22,800 50.6 23,100 23,100 45
50 ** 33.5 18,800 18,800 45.5 19,200 19,200 50
55 23.9 15,600 15,600 39.9 16,000 16,000 55
60 ** 33.5 13,500 13,300 60
65 25.7 11,500 11,200 65
70 14.0 9,800 9,400 70
75 ** 75
BOOM LENGTH 90’ BOOM LENGTH 102’ BOOM LENGTH 114’ BOOM LENGTH 126’
LOAD OVER LOAD OVER LOAD OVER LOAD OVER
RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º
(FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB)
83.9 7,700 7,500 95.9 5.600 5,400 107.9 4,000 3,800 119.9 2,800 2,600
**MAXIMUM CAPACITY AT 0 DEGREE BOOM ANGLE
            
TRUCK CRANE
T775
LIFTING CAPACITIES CAUTION: Do not use this specification sheet as a load rating chart. The format of data is not consistent with the machine chart and may be subject to change
USE THESE CHARTS ONLY
WHEN ALL OUTRIGGERS
ARE FULLY EXTENDED
BOOM LENGTH 90’ BOOM LENGTH 102’ BOOM LENGTH 114’ BOOM LENGTH 126’
LOADED LOADED LOADED LOADED
LOAD BOOM OVER BOOM OVER BOOM OVER BOOM OVER LOAD
RADIUS ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º RADIUS




20 74.5 56,300* 56,300* 20
25 71.2 48,100* 48,100* 73.5 42,000 42,000* 25
30 67.7 41,800* 41,800* 70.5 36,000* 36,500* 72.6 31,600* 31,600* 30
35 64.2 34,400 34,200 67.4 32,200* 32,200* 70.0 29,600* 29,600* 71.9 24,800* 24,800* 35
40 60.5 27,300 27,300 64.3 28,700* 28,700* 67.2 26,300* 26,300* 69.5 24,700* 24,700* 40
45 56.7 22,200 22,200 61.1 23,400 23,400 64.4 22500 22500 67.0 22,200* 22,200* 45
50 52.8 18,400 18,100 57.8 19,500 19,500 61.5 18600 18400 64.5 18,700 18,400 50
55 48.5 15,500 15,000 54.4 16,400 16,300 58.6 15700 15200 62.0 15,800 15,300 55
60 44.0 13,100 12,500 50.8 14,000 13,700 55.6 13300 12800 59.3 13,400 12,900 60
65 39.1 11,100 10,600 47.0 12,000 11,600 52.5 11400 10800 56.6 11,500 10,900 65
70 33.5 9,400 8,900 42.9 10,300 9,900 49.1 9800 9100 53.8 9,900 9,200 70
75 26.9 8,000 7,500 38.5 8,800 8,400 45.7 8400 7800 50.9 8,500 7,900 75
80 18.1 6,800 6,200 33.5 7,600 7,200 42.0 7200 6600 47.8 7,300 7,900 80
85 ** 27.8 6,500 6,100 38.0 6,200 5600 44.6 6,300 5,700 85
90 20.6 5,600 5,100 33.5 5,300 4700 41.2 5,400 4,800 90
95 8.6 4,700 4,300 28.5 4,400 3900 37.5 4,600 4,000 95
100 ** 22.4 3700 3200 33.5 3,900 3,300 100
105 13.9 3,100 2500 29.0 3,200 2,700 105
110 ** 23.7 2,600 2,100 110
115 16.9 2,100 1,600 115
ON OUTRIGGERS - FULLY EXTENDED AND WITH 5,000 LB COUNTERWEIGHT
ON OUTRIGGERS - FULLY EXTENDED AND WITH 5,000 LB COUNTERWEIGHT
BOOM LENGTH 40’ BOOM LENGTH 54’ BOOM LENGTH 66’ BOOM LENGTH 78’
LOAD OVER LOAD OVER LOAD OVER LOAD OVER
RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º
(FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB)
33.9 28,600* 28,600* 47.9 19,100* 19,100* 59.9 13,100 12,900 71.9 9,200 8,800
**MAXIMUM CAPACITY AT 0 DEGREE BOOM ANGLE
BOOM LENGTH 40’ BOOM LENGTH 54’ BOOM LENGTH 66’ BOOM LENGTH 78’
LOADED LOADED LOADED LOADED
LOAD BOOM OVER BOOM OVER BOOM OVER BOOM OVER LOAD
RADIUS ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º ANGLE REAR 360º RADIUS
(FT) (DEG) (LB) (LB) (DEG) (LB) (LB) (DEG) (LB) (LB) (DEG) (LB) (LB) (FT)
10 69.4 150,000* 148,300* 74.9 102,600* 102,600* 10
12 66.2 125,700* 125,700* 72.7 102,600* 102,600* 12
15 61.2 108,100* 105,400* 69.3 100,600* 100,600* 73.2 80,700* 80,700* 15
20 52.3 78,500* 78,500* 63.4 79,600* 79,600* 68.5 72,000* 72.000* 72.0 62,300* 62,300* 20
25 41.9 60.600* 60,600* 57.1 61,700* 61,700* 63.7 62,200* 62,200* 68.1 55,800* 55,800* 25
30 28.4 42,800 42,800 50.2 44,200 44,200 58.7 44,600 44,600 64.0 44,900 44,100 30
35 ** 43.1 33.400 33,400 53.3 34,000 34,000 59.7 34,200 34,200 35
40 33.5 26,200 26,200 47.5 26,800 26,800 55.3 27,100 27,100 40
45 20.9 22,100 21,100 41.0 21,700 21,700 50.6 22,100 22,100 45
50 ** 33.5 17,800 17,600 45.5 18,200 17,900 50
55 23.9 14,800 14,400 39.9 15,200 14,800 55
60 ** 33.5 12,800 12,300 60
65 25.7 10,800 10,300 65
70 14.0 9,100 8,600 70
75 ** 75
BOOM LENGTH 90’ BOOM LENGTH 102’ BOOM LENGTH 114’ BOOM LENGTH 126’
LOAD OVER LOAD OVER LOAD OVER LOAD OVER
RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º RADIUS REAR 360º
(FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB)
83.9 6,500 6,100 95.9 4,600 4,100 107.9 3,100 2,700 119.9 2,000 1,600
**MAXIMUM CAPACITY AT 0 DEGREE BOOM ANGLE




SIDE STOW JIB ON FULLY EXTENDED OUTRIGGERS WITH 15,000 COUNTERWEIGHT
33’ OFFSETTABLE JIB 57’ OFFSETTABLE JIB
0º OFFSET 15º OFFSET 30º OFFSET 0º OFFSET 15º OFFSET 30º OFFSET
LOADED LOAD LOAD LOAD LOAD LOAD LOAD LOADED
BOOM RADIUS REAR RADIUS REAR RADIUS REAR RADIUS REAR RADIUS REAR RADIUS REAR BOOM 
ANGLE (REF) ONLY 360º (REF) ONLY 360º (REF) ONLY 360º (REF) ONLY 360º (REF) ONLY 360º (REF) ONLY 360º ANGLE
(DEG) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (DEG)
77 40 12,600* 12,600* 51 8,600* 8,600* 56 6.500* 6,500* 49 6,600* 6,600* 65 4,600* 4,600* 76 3,400* 3,400* 77
75 47 12,100* 12,100* 56 8,200* 8,200* 61 6,300* 6,300* 56 6,500* 6,500* 71 4,400* 4,400* 81 3,300* 3,300* 75
73 53 11,600* 11,600* 62 7,900* 7,900* 67 6,200* 6,200* 63 6,300* 6,300* 77 4,200* 4,200* 87 3,200* 3,200* 73
71 59 11,000* 11,000* 67 7,600* 7,600* 72 6,000* 6,000* 70 6,100* 6,100* 83 4,000* 4,000* 92 3,100* 3,100* 71
68 68 10,000* 10,000* 75 7,200* 7,200* 79 6,000* 6,000* 80 5,500* 5,500* 92 3,800* 3,800* 100 3,000* 3,000* 68
65 76 9,300* 9,300* 82 6,800* 6,800* 86 5,700* 5,700* 89 5,000* 5,000* 100 3,600* 3,600* 107 2,900* 2,900* 65
62 83 9,000* 9,000* 89 6,500* 6,500* 93 5,500* 5,500* 98 4,600* 4,600* 108 3,400* 3,400* 114 2,800* 2,800* 62
59 90 8,000* 8,000* 96 6,300* 6,300* 99 5,400* 5,400* 106 4,300* 4,300* 115 3,200* 3,200* 121 2,700* 2,700* 59
55 99 6,900 6,900 104 6,000* 6,000* 107 5,300* 5,300* 116 3,900* 3,900* 124 3,000* 3,000* 129 2,600* 2,600* 55
51 106 6,000 5,800 111 5,500 5,400 114 5,200* 5,200* 126 3,600* 3,600* 132 2,900* 2,900* 136 2,600* 2,600* 51
47 113 5,100 4,800 118 4,800 4,600 121 4,700 4,600 134 3,400* 3,400* 140 2,800* 2,800* 143 2,500* 2,500* 47
43 120 4,300 4,000 125 4,100 3,900 126 4,000 3,800 142 3,200* 3,200* 147 2,700* 2,700* 149 2,500* 2,500* 43
38 127 3,500 3,200 132 3,400 3,200 132 3,400 3,100 150 2,800 2,600 154 2,600* 2,400 156 2,500* 2,400 38
32 135 2,800 2,500 139 2,700 2,500 138 2,700 2,500 159 2,200 2,000 162 2,200 1,900 162 2,200 1,900 32
25 143 2,200 1,900 145 2,100 1,800 167 1,700 1,500 169 1,700 1,500 25
17 150 1,700 1,400 150 1,600 1,400 173 1,400 1,100 174 1,300 1,100 17
0 152 1,400 1,200 177 1,100 900 0
ON TIRES WITH 15,000 LB COUNTERWEIGHT
MAX ALL
BOOM PICK & CARRY
RADIUS LENGTH STATIONARY CREEP 2.5 MPH
(FT) (FT) STRAIGHT OVER REAR 
10 40 53,800* 38,800* 31,300*
12 40 49,400* 35,400* 28,500*
15 40 43,900* 31,200* 24,800*
20 40 33,100 25,600* 20,000*
25 54 23,500 21,200* 16,400*
30 54 17,800 17,800 13,400*
35 54 13,800 13,800 11,000*
40 66 11,200 11,200 9,400*
45 66 9,000 9,000 8,000*
50 66 7,300 7,300 6,800*
55 78 5,900 5,900 5,800*
60 78 4,700 4,700 4,700
65 78 3,800 3,800 3,800
70 90 3,100 3,100 3,100
75 90 2,500 2,500 2,500
80 90 1,900 1,900 1,900
Notes For Jib Capacities:
A. For all boom lengths less than the maximum with a jib erected, the rated loads are 
determined by boom angle only In the appropriate column.
B. For boom angle not shown, use the capacity of the next lower boom angle.
C. Listed radii are for extended main boom only.
Notes For On Tire Capacities:
A. For Pick and Carry operations, boom must be centered over the front of the crane with swing 
brake and lock engaged. Use minimum boom point height and keep load close to ground sur-
face. Travel must be on smooth level surface.
B. The load should be restrained from swinging. NO ON TIRE OPERATION WITH JIB ERECTED.
C. Without outriggers, never maneuver the boom beyond listed load radii for applicable tires to 
ensure stability.
D. Creep speed Is crane movement of less than 200’ (61 m) in a 30 minute period and not 
exceeding 1.0 mph (1.6 km/h).
E. Refer to General Notes for additional information.
CAUTION: Do not use this specification sheet as a load rating chart. The format of data is not consistent with 
the machine chart and may be subject to change
MAXIMUM PERMISSIBLE HOIST LINE LOAD
LINE PARTS 1 2 3 4 5 6 7 8 9 10 11
MAIN & AUX. HOIST 13,800 27,600 41,400 55,200 69,000 82,800 96,600 110,400 124,200 138,000 150,000
WIRE ROPE 3/4" ROTATION RESISTANT COMPACTED STRAND, 34X7, GRADE 2160, MINIMUM BREAKING STRENGTH-34.5 TONS. WEIGHT 1.24 
LB/FT 3/4" 6X19 OR 6X37 IPS IWRC. PREFORMED RIGHT REGULAR LAY MINIMUM  BREAKING STRENGTH 25.6 TONS. WEIGHT 
1.04 LB/FT




SIDE STOW JIB ON FULLY EXTENDED OUTRIGGERS WITH 7,000 COUNTERWEIGHT
33’ OFFSETTABLE JIB 57’ OFFSETTABLE JIB
0º OFFSET 15º OFFSET 30º OFFSET 0º OFFSET 15º OFFSET 30º OFFSET
LOADED LOAD LOAD LOAD LOAD LOAD LOAD LOADED
BOOM RADIUS REAR RADIUS REAR RADIUS REAR RADIUS REAR RADIUS REAR RADIUS REAR BOOM 
ANGLE (REF) ONLY 360º (REF) ONLY 360º (REF) ONLY 360º (REF) ONLY 360º (REF) ONLY 360º (REF) ONLY 360º ANGLE
(DEG) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (FT) (LB) (LB) (DEG)
77 39 12,600* 12,600* 49 8,600* 8,600* 57 6,500* 6,500* 49 6,600* 6,600* 66 4,600* 4,600* 75 3,400* 3,400* 77
75 46 12,100* 12,100* 55 8,200* 8,200* 62 6,300* 6,300* 57 6,500* 6,500* 72 4,400* 4,400* 81 3,300* 3,300* 75
73 53 11,600* 11,600* 60 7,900* 7,900* 67 6,200* 6,200* 64 6,300* 6,300* 78 4,200* 4,200* 86 3,200* 3,200* 73
71 59 11,000* 11,000* 66 7,600* 7,600* 72 6,000* 6,000* 71 6,100* 6,100* 84 4,000* 4,000* 92 3,100* 3,100* 71
68 67 10,000* 10,000* 73 7,200* 7,200* 79 6,000* 6,000* 81 5,500* 5,500* 92 3,800* 3,800* 99 3,000* 3,000* 68
65 75 9,300* 9,300* 81 6,800* 6,800* 86 5,700* 5,700* 90 5,000* 5,000* 100 3,600* 3,600* 107 2,900* 2,900* 65
62 82 8,300 8,100 87 6,500* 6,500* 93 5,500* 5,500* 98 4,600* 4,600* 108 3,400* 3,400* 114 2,800* 2,800* 62
59 88 7,000 6,900 94 6,200* 6,100 99 5,400* 5,400* 106 4,300* 4,300* 115 3,200* 3,200* 120 2,700* 2,700* 59
55 97 5,600 5,500 102 5,200 5,000 106 4,900 4,600 116 3,900* 3,900* 124 3,000* 3,000* 128 2,600* 2,600* 55
51 104 4,500 4,300 110 4,300 4,000 113 4,100 3,700 124 3,600* 3,300 132 2,900* 2,900* 136 2,600* 2,600* 51
47 111 3,600 3,400 117 3,500 3,200 120 3,400 3,000 132 2,900 2,500 140 2,700* 2,300 143 2,500* 2,300 47
43 117 2,900 2,700 123 2,800 2,500 126 2,800 2,300 139 2,300 1,900 146 2,200 1,800 149 2,100 1,800 43
38 125 2,200 1,900 130 2,100 1,700 132 2,100 1,700 147 1,700 1,300 154 1,600 1,300 155 1,600 1,300 38
32 135 1,600 1,300 137 1,500 1,100 138 1,500 1,200 156 1,200 168 1,100 162 1,100 32
25 141 1,000 143 900 25
ON TIRES WITH 7,000 LB COUNTERWEIGHT
MAX ALL
BOOM PICK & CARRY
RADIUS LENGTH STATIONARY CREEP 2.5 MPH
(FT) (FT) STRAIGHT OVER REAR 
10 40 55,300* 40,400* 32,900*
12 40 50,900* 36,900* 29,900*
15 40 44,600 32,500* 26,200*
20 40 28,000 26,700* 21,200*
25 54 19,500 19,500 17,400*
30 54 14,600 14,600 14,300*
35 54 11,100 11,100 11,100
40 66 8,000 8,000 8,000
45 66 6,000 6,000 6,000
50 66 4,700 4,700 4,700
55 78 3,900 3,900 3,900
60 78 3,300 3,300 3,300
65 78 2,700 2,700 2,700
70 90 1,900 1,900 1,900
Notes For Jib Capacities:
A. For all boom lengths less than the maximum with a jib erected, the rated loads are 
determined by boom angle only In the appropriate column.
B. For boom angle not shown, use the capacity of the next lower boom angle.
C. Listed radii are for extended main boom only.
Notes For Tire Capacities:
A. For Pick and Carry operations, boom must be centered over the front of the crane with swing 
brake and lock engaged. Use minimum boom point height and keep load close to ground sur-
face. Travel must be on smooth level surface.
B. The load should be restrained from swinging. NO ON TIRE OPERATION WITH JIB ERECTED.
C. Without outriggers, never maneuver the boom beyond listed load radii for applicable tires to 
ensure stability.
D. Creep speed Is crane movement of less than 200’ (61 m) in a 30 minute period and not 
exceeding 1.0 mph (1.6 km/h).
E. Refer to General Notes for additional information.
CAUTION: Do not use this specification sheet as a load rating chart. The format of data is not consistent with 
the machine chart and may be subject to change
MAXIMUM PERMISSIBLE HOIST LINE LOAD
LINE PARTS 1 2 3 4 5 6 7 8 9 10 11
MAIN & AUX. HOIST 13,800 27,600 41,400 55,200 69,000 82,800 96,600 110,400 124,200 138,000 150,000
WIRE ROPE 3/4" ROTATION RESISTANT COMPACTED STRAND, 34X7, GRADE 2160, MINIMUM BREAKING STRENGTH-34.5 TONS. WEIGHT 1.24 
LB/FT 3/4" 6X19 OR 6X37 IPS IWRC. PREFORMED RIGHT REGULAR LAY MINIMUM  BREAKING STRENGTH 25.6 TONS. WEIGHT 
1.04 LB/FT
              
Cranes |General Notes    |    T775 Series
GENERAL
1. Rated loads as shown on Lift Charts pertain to this machine as originally manufac-
tured and equipped. Modifications to the machine or use of optional equipment or
other than that specified can result in a reduction of capacity.
2. Construction equipment can be hazardous if improperly operated or maintained.
Operation and maintenance of this machine shall be in compliance with the infor-
mation in the Operator’s, Parts and Safety Manuals supplied with this machine. If
These manuals are missing, order replacements from the manufacturer through
your distributor.
3. These warnings to not constitute all of the operating conditions for the crane. The
operator and job site supervision must read the OPERATORS MANUAL, CIMA SAFE-
TY MANUAL, APPLICABLE OSHA REGULATIONS, AND SOCIETY OF MECHANICAL
ENGINEERS (ASME) SAFETY STANDINGS FOR CRANES.
4. This crane and its load ratings are in accordance with POWER CRANE & SHOVEL
ASSOCIATION, STANDARD NO.4 SAE CRANE LOAD STABILITY TEST CODE J765A,
SAE METHOD OF TEST FOR CRANE STRUCTURE J1063 AND APPLICABLE SAFETY
CODE FOR CRANES, DERRICKS AND HOISTS, ASME/ANSI B30.5
DEFINITIONS
1. LOAD RADIUS - The horizontal distance from the axis of rotation before loading to
the center of the vertical hoist line or tackle with a load applied.
2. LOADED BOOM ANGLE - It is the angle between the boom base section and the hor-
izontal, after lifting the rated load at the rated radius. the boom angle before loading
should be greater to account for deflections. The loaded boom angle combined with
boom length give only an approximation of the operating radius.
3. WORKING AREA - Areas measured in a circular arc about the centerline of rotation
as shown in the diagram.
4. FREELY SUSPENDED LOAD - Load hanging free with no direct external force applied
except by the hoist rope.
5. SIDE LOAD - Horizontal force applied to he lifted load either on the ground or in the
air.
6. NO LOAD STABILITY LIMIT -  The stability limit radius shown on the range diagrams
is the radius beyond which it is not permitted to position the boom, when the boom
angle is less than the minimum shown on the applicable load chart, because the
machine can overturn without any load.
7. BOOM SIDE OF CRANE - The side of the crane over which the boom is positions
when in OVER SIDE working position.
SET-UP
1. Crane load ratings are based on the crane being leveled and standing on a firm,
uniform supporting surface.
2. Crane load ratings on outriggers are based on all outrigger beams being fully
extended or in the case of partial extension ratings mechanically pinned in the
appropriate position, and the tires free of the supporting surface.
3. Crane load ratings on tires depend on appropriate inflation pressure and the tire
conditions. Caution must be exercised when increasing air pressures in tires.
Consult Operator’s Manual for precautions.
4. Use of jibs, lattice-type boom extensions, or fourth section pullouts extended is not
permitted for pick and carry operations.
5. Consult appropriate section of the Operator’s and Service Manual for more exact
description of hoist line reeving.
6. The use of more parts of line than required by the load may result in having insuffi-
cient rope to allow the hook block to reach the ground.
7. Properly maintained wire rope is essential for save crane operation. Consult
Operator’s Manual for proper maintenance and inspection requirements.
8. When spin-resistant wire rope is used, the allowable rope loading shall be the
breaking strength divided by five (5), unless otherwise specified by the wire rope
manufacturer.
9. Do not elevate the boom above 60° unless the boom is positioned in-line with the
crane’s chassis or the outrigger are extended. Failure to observe this warning may
result in loss of stability.
OPERATION
1. CRANE LOAD RATINGS MUST NOT BE EXCEEDED. DO NOT ATTEMPT TO TIP THE
CRANE TO DETERMINE ALLOWABLE LOADS.
2. When either radius or boom length, or both, are between listed values, the smaller
of the two listed load ratings shall be used.
3. Do not operate at longer radii than those listed on the applicable load rating chart
(cross hatched areas shown on range diagrams.)
4. The boom angles shown on the Capacity Chart give an approximation of the operat-
ing radius for a specified boom length.The boom angle, before loading, should be
greater to account for boom deflection. It may be necessary to retract the boom if
maximum boom angle is insufficient to maintain rated radius.
5. Power telescoping boom sections must be extended equally.
6. Rated loads include the weight of hook block, slings, and auxiliary lifting devices.
Their weights shall be subtracted from the listed rated load to obtain the net load
that can be lifted. When lifting over the jib the weight of any hook block, slings, and
auxiliary lifting devices at the boom head must be added to the load. When jibs are
erected but unused add two (2) times the weight of any hook block, slings, and
auxiliary lifting devices at the jib head to the load.
7. Rated loads do not exceed 85% on outriggers or 75% on tires, of the tipping load
as determined by SAE Crane Stability Test Code J765a. Structural strength ratings
in chart are indicated with an asterisk (*).
8. Rated loads are based on freely suspended loads. No attempt shall be made to drag
a load horizontally on the ground in any direction.
9. The user shall operate at reduced ratings to allow for adverse job conditions, such
as: soft or uneven ground, out of level conditions, high winds, side loads, pendulum
action, jerking or sudden stopping of loads, hazardous conditions, experience of
personnel, two machine lifts, traveling with loads, electric wires, etc. (side pull on
boom or jib is hazardous). Derating of the cranes lifting capacity is required when
wind speed exceeds 20 MPH. The center of the lifted load must never be allowed to
move more then 3* off the center line of the base boom section due to the effects
of wind, inertia, or any combination of the two.
*"Use 2' off the center line of the base boom for a two section boom, 3' for a there
section boom, or 4’ for a four section boom.”
10. The maximum load which can be telescoped is not definable, because of variations
in loadings and crane maintenance, but it is permissible to attempt retraction and
extension if load ratings are not exceeded.
11. Load ratings are dependent upon the crane being maintained according to manu-
facturer's specifications.
12. It is recommended that load handling devices, including hooks, and hook blocks, be
kept away from boom head at all times.
13. FOR TRUCK CRANES ONLY: 360° capacities apply only to machines equipped with a
front outrigger jack and all five(5) outrigger jacks properly set. If the front (5th) out-
rigger jack is not properly set, the work area is restricted to the over side and over
rear ares as shown on the Crane Working Positions diagram. Use the 360° load rat-
ings in the overside work areas.
14. Do not lift with outrigger beams positioned between the fully extended and interme-
diate (pinned) positions.
15. Truck Cranes not equipped with equalizing (bogie) beams between the rear axles
may not be used for lifting “on tires”. Truck Cranes equipped with equalizing beams
and rear air suspension should “dump” the air before lifting “on tires”.
CLAMSHELL, MAGNET, AND CONCRETE BUCKET SERVICE
1. Maximum boom length for clamshell and magnet service is 50'.
2. Weight of clamshell or magnet, plus contents are not to exceed 6,000 lb or 90% of
rated lifting capacities, whichever is less. For concrete bucket operation, weight of
bucket and load must not exceed 90% of rated lifting capacity.
TEREX Cranes
106-12th Street S.E.
Waverly, Iowa 50677-9466 USA
TEL  (319) 352-3920 FAX  (319) 352-5727
EMAIL  inquire@terexwaverly.com
WEB  terex.com
WE RESERVE THE RIGHT TO AMEND THESE SPECIFICATIONS AT ANY TIME WITHOUT NOTICE. THE ONLY WARRANTY APPLICABLE IS OUR STANDARD WRITTEN WARRANTY APPLICABLE TO THE PARTICULAR PRODUCT AND SALE.
WE MAKE NO OTHER WARRANTY, EXPRESSED OR IMPLIED.
©TEREX CRANES, INC 2005 PRINTED IN U.S.A FEBRUARY 25, 2005 
               
Cranes |Truck Crane Specifications    |    T775 Series
STANDARD BOOM EQUIPMENT
BOOM
40-126’ (10.67- 33.53 m), four- section full power boom.
Telescoping is mechanically synchronized with single lever control.
The synchronization system consists of a single telescope cylinder
and high strength leaf chains to extend and retract the third and tip
sections. High-strength four- plate construction with embossed side
plate holes reduces weight and increases strength. A single boom
hoist cylinder provides for boom elevation of -4 to 78 degrees. Max
tip height is 133’ (40.54 m).
MAIN BOOM
33’ (9.68 m) four section full power boom. Telescoping is mechani-
cally synchronized with single pedal control. The synchronization
system consists of a single telescope cylinder and high strength leaf
chains to extend ad retract the third and tip sections. High-strength
four plate construction with embossed side plate holes reduces
weight and increases strength. A single boom hoist cylinder provides
for boom elevation of -4 to 78 degrees. Max tip height is 133' 
(40.54 m)
JIBS
32’ (9.68 m) side stow swing-on one-piece lattice type jib. Single
sheave mounted on anti-friction bearing. Jib is offsettable at 0°, 15º,
or 30°. Max. tip height is 164’ (49.99 m)
33-57’ (10.15-17.30 m) side stow swing-on lattice type jib. Single
sheave mounted on anti-friction bearing. Jib is extendible to 57’
(17.30 m) by means of a 25’ (7.62 m) manual pull-out tip section,
roller supported for ease of extension. Jib is offsettable at 0°,
15°, or 30°. Max. tip height is 189’ (57.61 m).
BOOM HEAD
Welded to outer section of boom. Five or six load sheaves and two
idler sheaves are made of nylon and mounted on heavy- duty anti-
friction bearings. Quick reeving boom head. Provisions made for
side-stow jib mounting.
AUXILIARY BOOM HEAD
Removable auxiliary boom head has single nylon sheave mounted on
anti-friction bearing. Removable pin-type rope guard for quick reev-
ing. Installs on main boom head only. Removal is not required for jib
use.
HOOK BLOCK
75 ton (68.0 mt) block with five metallic sheaves on anti-friction
bearings with hook and heavy duly hook latch. Quick reeving design
does not require removal of wedge and socket from rope.
60 ton (54.4 mt) block with five metallic sheave on anti-friction
bearings with hook and heavy duty hook latch. Quick reeving design
does not require removal of wedge and socket from rope.
HOOK AND BALL
12 ton (10.9 mt) top swivel ball with hook and hook latch.
OPTIONAL BOOM EQUIPMENT





All welded one-piece structure fabricated with high tensile strength alloy
steel. Counterweight is bolted to frame.
COUNTERWEIGHT
Counterweight is bolted to frame. Counterweight removal system permits
counterweight slabs to be carrie don the deck of the carrier to optimize axle
weights and counterweight to be added or removed without the need for
auxiliary equipment to assist.
TURNTABLE CONNECTION
Swing bearing is a single row, ball type, with internal teeth. The swing bear-
ing is bolted to the revolving upperstructure and to the carrier frame.
SWING
A hydraulic motor drives a double planetary reduction gear for precise and
smooth swing function. Swing speed (no load) is 2.5 rpm.
SWING BRAKE
Heavy duty multiple disc swing brake is mechanically actuated from opera-
tor’s cab by foot pedal. Brake may be locked on or used as a momentary
brake. An air operated 360º house lock is standard.
RATED CAPACITY INDICATOR
Rated Capacity Indicator with visual and audible warning system and auto-
matic function disconnects. Pictographic display includes: boom radius, boom
angle, boom length, allowable load, actual load, and percentage of allowable
load registered by bar graph. Operator settable alarms provided for swing
angle, boom length, boom angle, tip height and work area exclusion zone.
Anti-two block system includes audio/visual warning and automatic function
disconnects.
OPERATOR’S CAB
Environmental cab with all steel construction, optimum visibility, tinted safety
glass throughout, and rubber floor matting is mounted on vibration absorbing 
pads. The cab has a sliding door on the left side; framed sliding window on
the right side,hinged tinted all glass skylight and removable front windshield
to provide optimum visibility of the load open or closed. Acoustical foam
padding insulates against sound and weather. Hot air defroster keeps wind-
shield clear. The deluxe six-way adjustable operator’s seat is equipped with a
mechanical suspension and includes head and arm rests.
CARRIER CHASSIS
Chassis is Terex designed and built with a 8 x 4 drive. Box construction frame
with internal diaphragms is fabricated form high strength alloy steel and pro-
vides superior frame rigidity. Full aluminum decking improves access and
reduces weight. Four lockable storage compartments are built into decking
along with standard mud flaps. Aluminum engine housing with sliding cover
optimizes engine access while reducing weight and improving corrosion
resistance.
AXLES AND SUSPENSION
Rear Axles - 60,000 lb (27 216 kg) capacity tandem axles with heat treated
housing have inter-axle differential with lockout. Axles are mounted on stan-
dard air suspension system over equalizer beams with shock absorbs to dis-
tribute weight evenly.
Front Axles - 48,000 lb (21 772 kg) capacity tubular beam type axles are
mounted on standard air suspension system over equalizer beams with
shock absorbers.
TIRES AND WHEELS
Front: Four 445/65R22.5-20 R.R. All-Position type tubeless
Rear: Eight 315/80R22.5-20 P.R. deep tread On/Off highway tubeless
Aluminum wheels with stainless steel hub covers are standard.
CONTROLS
Armrest mounted dual axis controls for winch(s), swing and boom elevation.
Winch rotation indication incorporated into control handles. Armrest swings
up to improve access and egress. Vernier adjustable hand throttle included.
Switches include ignition, engine stop, lights, horn, windshield wipers,
defroster, outriggers, 360˚ house lock, etc. Horn and winch speed shift
switches are mounted in the levers. Foot control pedals include swing brake,
boom telescope, and throttle.
INSTRUMENTS AND ACCESSORIES
In-cab gauges include bubble level, engine oil pressure, fuel, engine temper-
ature, voltmeter. Indicators include high coolant temperature/low engine oil
pressure audio visual warning, low coolant level audio visual warning, and
Rated Capacity Indicator. Accessories include fire extinguisher, windshield
washer/wiper, skylight wiper, left & right hand rear view mirrors, dash and
dome lights, and seat belt. Circuit breakers protect electrical circuits.
HYDRAULIC CONTROL VALVES
Valves are mounted on the rear of the upperstructure and are easily accessi-
ble. Valves utilize electric over hydraulic operators and include one pressure
compensated load sensing two spool valve for boom elevation and telescope,
one pressure compensated load sensing two spool valve for boom elevation
and telescope, one pressure compensated load sensing two spool valve for
main and auxiliary winch, and one single spool valve for swing. System pro-
vides for simultaneous operation of all crane functions. High pressure regen-
eration feature provides two-speed boom extension. Quick disconnects are
provided for ease of installation of pressure check gauges.
OPTIONAL EQUIPMENT
Single Axis Armrest Mounted Crane Controls, LP Heater/Defroster,
Hydraulically Powered Air Conditioner or Heater and Air Conditioner,
Tachometer, Work Lights, Electric Remote Control of Carrier from Upper Cab,
3rd Wrap Indicator.
BRAKES
Full air brakes on all wheels with ABS split circuit system.
Front brakes: 16.5 x 7" (419 x 178 mm)
Rear brakes: 16.5 x 7" (419 x 178 mm).
All brakes are air operated “S” cam type with automatic slack
adjusters. Lining areas are 920 in2 (5935 cm2 ) front and rear. Air compressor
has standard air dryer. Rear tandem axles have spring-set, air released park-
ing or emergency brake chambers. Parking brake is applied with valve
mounted on dash panel. Emergency brakes apply automatically when air
pressure drops below 40 psi (2.8 kg/cm2)
STEERING
Mechanism includes rack and pinion with integral hydraulic power.
Turning radius: To CL of tires: 33-4' (10.16 m) 
TRANSMISSION
Eaton Fuller 11 speed manual transmission. Optional Allison 4070 automatic
transmission has 7 speeds forward and 1 reverse, with neutral safety start.
Provides wide ratio coverage with “hands free” shifting. A lock up torque
converter further improves performance.
MULTI-POSITION OUT & DOWN OUTRIGGERS
Fully independent two stage hydraulic outriggers may be utilized fully extend-
ed to 26’ (7.92 m), in their 1/2 extended position, or fully retracted.
Removable aluminum outrigger pads are 452 in2 ( 2919 cm2) and stow on the
carrier frame. Complete controls and sight leveling bubble are located in the
operator’s cab. Additional optional ground level controls can be incorporated
into the aluminum decking. Includes standard 5th, front, outrigger which
incorporates a self stowing permanently attached float.
STANDARD CARRIER EQUIPMENT
                                       
TRUCK CRANE
T775 SERIES
STANDARD CARRIER EQUIPMENT (CONTINUED)
CARRIER CAB
One-man aluminum cab is mounted on vibration absorbing pads
and has optimum visibility, safety glass, acoustical foam padding inside cab
for insulating against sound and weather, hot water heater hot air defroster,
six-way adjustable air suspension seat with seat belt and a locking door with
roll down window.
CONTROLS
Included are transmission shift, inter-axle differential lock, cruise
control, Jacobs brake, parking brake, two-speed windshield wiper/washer,
heater and defroster, lights, headlight dimmer, dome light, and ignition
switch.
INSTRUMENTS
Included are speedometer, hourmeter, tachometer, voltmeter, fuel gauge,
engine oil pressure gauge, water temperature gauge, dual
air pressure gauges. Warning lights include low coolant level, parking brakes
on, low air, pumps engaged, and high beam lights.
HYDRAULIC SYSTEM
ACCESSORIES
Included are Fire extinguisher, right and left hand rear view mirrors, electric
horn, access steps and grab handles (located at six separate points around
the crane), back-up alarm, two position boom rack, front and rear towing
loops.
ACCESSORIES
Light package includes headlights with foot operated dimmer switch, clear-
ance lights, taillights, directional signal lights, four-way hazard flasher lights,
back-up lights with audible alarm.
OPTIONAL EQUIPMENT
Spare Tire with Wheel • Immersion Heater(s) • Pintle Hook • Cold Weather
Kit • Air Conditioner • Ground level outrigger controls • Boom Float Kit •
Boom Dolly • Allison automatic transmission
HYDRAULIC PUMPS
A double and a single pump driven from hot shift transmission PTOs. A sepa-
rate steering pump is driven directly from the engine. Combined system
capacity is 131 gpm (495 Ipm). Remote hydraulic oil cooler is standard.
Main Winch Pump
! 
                 
57.3 gpm (216.9 Ipm) @ 4,500 psi (316.4 kg/cm2)
Boom Hoist and Telescope Pump
! 42.6 gpm (161.3 Ipm) @ 4,500 psi (316.4 kg/cm2)
Outrigger and Swing Pump
! 21.2 gpm (80.3 Ipm) @ 3,500 psi (246.1 kg/cm2)
Power Steering Pump
! 8 gpm (30.3 lpm) @ 1900 psi (133.0 kg/cm2)
MAIN WINCH SPECIFICATIONS
Hydraulic winch with bent Axis piston motor and planetary reduction gearing
provides two speed operation with equal speeds for power up and down.
Winch is equipped with an integral automatic brake, grooved drum, tapered




Max line speed (no load)
! First layer 200 fpm (60.0 m/min) 320 fpm (97.5 m/min)
! Fifth layer 287 fpm (87.5 m/min) 460 fpm (140.2 m/min)
! Max. line pull-first layer 18,450 lb (8 369 kg) 10,002 lb (4 537 kg)
! Max. line pull-fifth layer 12,845 lb (5 826 kg) 6,963 lb (3 158 kg)
! Permissible line pull 13,800 lb (6 260 kg)
Drum Dimensions Drum Capacity
! 13.00" (330 mm) drum diameter Max. Storage: 561’ (171.0 m)
! 20.15" (512 mm) length Max. useable: 561’ (171.0 m)’
! 21.5" (546 mm) flange dia.
! Cable: 3/4" x 600’ (19 mm x 182.9 m)
! Cable type: 3/4" (19 mm) 6 x 19 IWRC XIPS
! Right regular lay, preformed
! Min. breaking strength 25.7 tons (23.2 mt)
*Based on minimum flange height above top layer to comply with ANSI B30.5
AUXILIARY WINCH
Hydraulic two-speed winch with bent axis piston motor, equal speed power
up and down, planetary reduction with integral automatic brake, grooved
drum with tapered flanges, drum roller, and rotation indicator.
Performance (Same as main winch)
Drum Dimensions and Capacity (Same as main winch)
FILTRATION
Full flow oil filtration system with bypass protection includes a removable 60
mesh (250 micron) suction screen-type filter and five micron replaceable
return line filters.
HYDRAULIC RESERVOIR
All welded construction with internal baffles and diffuser. Provides easy
access to filters and is equipped with an external sight level gauge. The
hydraulic tank is pressurized to aid in keeping out contaminants and in
reducing potential pump cavitation. Capacity is 202 gal (765 L).
OPTIONAL HOIST LINE
3/4" (19 mm) rotation resistant compacted strand 34 x 7 Grade 1960. Min.
breaking strength 34.5 tons (31.3 mt).
ENGINE SPECIFICATIONS
Detroit Diesel Series 60 Detroit Diesel Series 60
!
 
Transmission Allison HD 4070 Eaton Fuller RTO-14909ALL
! Type 6 Cylinder 6 Cylinder
! Bore and Stroke 5.24x6.62 in (l3hI68mm) 5.12x6.30 in (l30x160 mm)
! Displacement 858 in3 (14.0 L) 778 in3 (12.7 L)
! Rated HP 500 hp 1373 kw) @ 2100 rpm 430 hp (321 kw) @ 2100 rpm
! Max. Gross HP 500 hp 1373 kw) @ 2100 rpm 452 hp (337 kw) @ 1700 rpm
! Gross Torque@rpm 1450 Ibs•ft II 966 N•m)@1200-1800 1450 Ibs•ft (2 101 N•m) @ 1200-1500
! Max Net HP 437 hp (326 kw) @ 1600 rpm 406 hp (303 kw) @ 1650 rpm
! Aspiration Turbocharged & Aftercooled Turbocharged & Aftercooled
! Electrical System 12 volt 12 volt
! Alternator 130 amp 130 amp
! Battery @ OºF (3) 12V-2400 C.C.A. (3) 12V-2400 C.C.A.
! Fuel Capacity 100 gal (379 I) 100 gal (379 I)
(Includes standard engine controlled ether starting aid)
SPEED AND GRADEABILITY
Engine Transmission Speed Range Gradeability
! 60 Series Allison HD 4070 65 mph (105 km/h) 100+%
! 60 Series Eaton RTO-14909 ALL 67 mph (108 km/h) 100+%
Performance data is based on a gross vehicle weight of 106,000 lb (48 081
kg) with the Allison transmission and 101,300 lb (45 949 kg) with the manual
transmission. Performance may vary due to engine performance, weight, tire



















Basic Crane with 60 Series Engine, 126’ (33.53 m) Boom
2.850 lb (1 293 kg) Cwt on upper, 1/4 tank of fuel, 81,255 36,781 44,474 87,075 29,162 37,299 20,614
445/65Rx22.5 20 PRFront and 315/80R22.5 20 PR (36 857) (16 684) (20 173) (39 497) (13 288) (16 919) (9 350)
Rear Tires with Disc Wheels, and 200 lb Operator in cab.
Add Semi-Permanent Counterweight: + 3,020 + 647 + 2,374 + 3,020 + 3,059 - 39 + 0
2,000 lb (907 kg) on upper and 1,000 lb (454 kg) (+ 1 370) (+ 293) (+ 1 077) (+ 1 370) (+ 1 388) (- 18) (+ 0)
in front bumper
Add Options: + 1,270 + 1,393 - 123 + 1,270 + 13 + 18 + 1239
32’ (9.68 m) Swing-on Jib (+ 576) (+ 632) (- 56) (+ 576) (+ 6) (+ 8) (+ 562)
33’-57’ (10.15 - 17.37 m) Swing on Jib + 2,170 + 2,262 - 92 + 2,170 + 62 + 86 + 2022
(+ 984) (+ 1 026) (- 42) (+ 984) (+ 28) (+ 39) (+ 917)
Auxiliary Boom Head + 125 + 227 - 102 + 125 + 43 - 60 + 228
(+ 57) (+ 103) (- 46) (+ 57) (+ 20) (- 27) (+ 103)
Add 1-2,000 lb (907 kg) Counterweight slab on + 2,000 - 904 + 2,904 + 2,000 + 1,485 + 515 + 0
Superstructure (Max of 1-2,000 lb (907 kg) slab on (+ 907) (- 410) (+ 1 317) (+ 907) (+ 654) (+ 234) (+ 0)
crane in addition to 1 semi-permanent)
Add 1-4,000 lb (1 814 kg) Counterweight slab on + 4,000 - 1,807 + 5,807 + 4,000 + 2,970 + 1030 + 0
Superstructure ( Max of 2-4,000 lb (1 814 kg) (+ 1 814) (- 820) (+ 2 634) (+ 1 814) (+ 1 347) (+ 467) (+ 0)
slabs on crane)
Add 1-2,000 lb (907 kg) Counterweight slab on Carrier + 2,000 + 1,485 + 516 + 2,000 + 1,485 + 515 + 0
Deck (Max of 1-2,000 lb (907 kg) slab on crane in (+ 907) (+ 674) (+ 234) (+ 907) (+ 654) (+ 234) (+ 0)
addition to 1 semi permanent)
Add 1-4,000 lb (1 814 kg) Counterweight slab on Carrier + 4,000 + 2,969 + 1,031 + 4,000 + 2,970 + 1030 + 0
Deck (Max of 2-4,000 lb ( 1 184 kg) slabs on crane) (+ 1 814) (+ 1 347) (+ 468) (+ 1 814) (+ 1 347) (+ 467) (+ 0)
Add 1-4,000 lb (1 814 kg) Counterweight slab on + 0 + 0 + 0 + 4,000 + 0 + 0 + 4000
Boom Dolly (Max of 2-4,000 lb (1 184 kg) slabs on crane) (+ 0) (+ 0) (+ 0) (+ 1 814) (+ 0) (+ 0) (+ 1814)
Full tank of fuel + 545 + 244 + 301 + 545 + 244 + 301 + 0
(+ 247) (+ 111) (+ 136) (+ 247) (+ 111) (+ 136) (+ 0)
Auxiliary winch with drum roller and 600’ of + 84 - 18 + 102 + 84 - 43 + 41 + 0
6x19 Class wire rope (+ 38) (- 8) (+ 46) (+ 38) (- 19) (+ 19) (+ 0)
Electric remote control + 200 + 100 + 100 + 200 + 100 + 100 + 0
(+ 91) (+ 45) (+ 45) (+ 91) (+ 45) (+ 45) (+ 0)
75 ton (68.0 mt) Quick reeving hook block + 1,608 + 2,569 - 961 + 1,608 - 27 - 37 + 1672
(On bumper - 5 Sheave) (+ 729) (+ 1 165) (- 436) (+ 729) (- 12) (- 17) (+ 758)
12 ton (68.0 mt) Quick reeving hook block + 419 + 669 - 250 + 419 + 7 + 10 - 436
(On bumper) (+ 190) (+ 303) (- 113) (+ 190) (+ 3) (+ 5) (- 198)
Substitute spin resistant wire rope (main winch) + 96 - 31 + 127 + 96 + 59 + 37 + 0
(+ 44) (- 14) (+ 58) (+ 44) (+ 27) (+ 17) (+ 0)
Substitute spin resistant wire rope (auxiliary winch) + 96 - 42 + 138 + 96 + 70 + 26 + 0
(+ 44) (- 19) (+ 63) (+ 44) (+ 32) (+ 12) (+ 0)
TEREX Cranes
106-12th Street S.E.
Waverly, Iowa 50677-9466 USA
TEL  (319) 352-3920 FAX  (319) 352-5727
EMAIL  inquire@terexwaverly.com
WEB  terex.com
WE RESERVE THE RIGHT TO AMEND THESE SPECIFICATIONS AT ANY TIME WITHOUT NOTICE. THE ONLY WARRANTY APPLICABLE IS OUR STANDARD WRITTEN WARRANTY APPLICABLE TO THE PARTICULAR PRODUCT AND SALE.
WE MAKE NO OTHER WARRANTY, EXPRESSED OR IMPLIED.
©TEREX CRANES, INC 2005 PRINTED IN U.S.A FEBRUARY 25, 2005 
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End Hose not to be 
operated in caution area.











Horizontal Reach 138' 1"





















































































End Hose not to be operated in caution area.














































47Z-METER |  TRUCK-MOUNTED CONCRETE BOOM PUMP
MODEL SPECIFICATIONS
 Vertical reach 151' 3" (46.10m)
 Horizontal reach 138' 1" (42.09m)
 Reach from front of truck 128' 2" (39.07m)
 Reach depth 105' 8" (32.21m)
 Unfolding height 31' 2" (9.50m)
 Available pump cells  .16H, .18H LS
 Front axle weight 35,448 lbs (16,079kg)
 Rear axle weight 41,937 lbs (19,022kg)
 Approximate total weight 77,385 lbs (35,102kg)
Ergonic Pump System (EPS) is standard.
Based on Model MACK MRU 613 with .16H pump cell.
BOOM |   Z-FOLD DESIGN
 1st section length 29' 2" (8.89m)
 2nd section length 25' 11" (7.90m)
 3rd section length 24' 7" (7.49m)
 4th section length 27' 3" (8.31m)
 5th section length 31' 2" (9.50m)
 Maximum end hose length 10' 0" (3.00m)
 Maximum end hose weight allowance 365 lbs (166kg)
Please follow end hose weight guidelines listed in operational manual.
OUTRIGGER LOADS |   FRONT AND REAR
 Front 60,698 lbf (270 kN)
 Rear 59,574 lbf (265 kN)
 




















































Telescopic Boom Truck Crane
100 US ton
85 metric ton
CAUTION: This material is supplied for
reference use only. Operator must refer to
in-cab Crane Rating Manual and Operator's
Manual to determine allowable crane lifting
capacities and assembly and operating
procedures.
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